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(57)  Thepresentinvention relates to method of trans-
mitting and receiving signals and a corresponding appa-
ratus. One aspect of the present invention relates to an
efficient layer 1 (L1) processing method for a transmitter
and a receiver using data slices.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method for
transmitting and receiving a signal and an apparatus for
transmitting and receiving a signal, and more particularly,
to a method for transmitting and receiving a signal and
an apparatus for transmitting and receiving a signal,
which are capable of improving data transmission effi-
ciency.

Description of the Related Art

[0002] As a digital broadcasting technology has been
developed, users have received a high definition (HD)
moving image. With continuous development of a com-
pression algorithm and high performance of hardware, a
better environment will be provided to the users in the
future. A digital television (DTV) system can receive a
digital broadcasting signal and provide a variety of sup-
plementary services to users as well as a video signal
and an audio signal.

[0003] Digital Video Broadcasting (DVB)-C2 is the
third specification to join DVB'’s family of second gener-
ation transmission systems. Developed in 1994, today
DVB-C is deployed in more than 50 million cable tuners
worldwide. In line with the other DVB second generation
systems, DVB-C2 uses a combination of Low-density
parity-check (LDPC) and BCH codes. This powerful For-
ward Error correction (FEC) provides about 5dB improve-
ment of carrier-to-noise ratio over DVB-C. Appropriate
bit-interleaving schemes optimize the overall robustness
of the FEC system. Extended by a header, these frames
are called Physical Layer Pipes (PLP). One or more of
these PLPs are multiplexed into a data slice. Two dimen-
sional interleaving (in the time and frequency domains)
is applied to each slice enabling the receiver to eliminate
the impact of burst impairments and frequency selective
interference such as single frequency ingress.

[0004] With the development of these digital broad-
casting technologies, a requirement for a service such
as a video signal and an audio signal increased and the
size of data desired by users or the number of broadcast-
ing channels gradually increased.

SUMMARY OF THE INVENTION

[0005] Accordingly, the present invention is directed
to a method for transmitting and receiving a signal and
an apparatus for transmitting and receiving a signal that
substantially obviate one or more problems due to limi-
tations and disadvantages of the related art.

[0006] An object of the present invention is to provide
a method for transmitting and receiving a signal and an
apparatus for transmitting and receiving a signal, which
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are capable of improving data transmission efficiency.
[0007] Anotherobject of the presentinventionis to pro-
vide a method for transmitting and receiving a signal and
an apparatus for transmitting and receiving a signal,
which are capable of improving error correction capability
of bits configuring a service.

[0008] Additional advantages, objects, and features of
the invention will be set forth in part in the description
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the
following. The objectives and other advantages of the
invention may be realized and attained by the structure
particularly pointed out in the written description and
claims hereof as well as the appended drawings.
[0009] To achieve the objects, a first aspect of the
present invention provides a transmitter for transmitting
broadcasting data to a receiver, the transmitter compris-
ing: afirst BCH encoder configured to BCH encode Layer
1 signaling data; a first LDPC encoder configured to LD-
PC encode the BCH-encoded Layer 1 signaling data to
generate at least one LDPC parity bit; a puncturing
means configured to perform puncturing on the generat-
ed LDPC parity bit; a first bit interleaver configured to bit
interleave the LDPC-encoded Layer 1 signaling data and
the punctured LDPC parity bit; and a first QAM mapper
configured to demultiplex the bit interleaved Layer 1 sig-
naling data into cell words and map the cell words into
constellation values, wherein the transmitter is config-
ured to process the Layer 1 signaling data, the Layer 1
signaling data having PLP type information indicating the
type of the associated PLP, the PLP type information
being one of common PLP, grouped data PLP and normal
data PLP, the common PLP being a special PLP which
contains data shared by multiple PLPs, and wherein
when the PLP type is one of the common PLP and the
grouped data PLP, the Layer 1 signaling data further in-
clude a PLP group ID that identifies with which PLP group
the current PLP is associated.

[0010] Another aspect of the present invention pro-
vides a receiver for processing broadcasting data, the
receiver comprising: a QAM demapper configured to
demap constellation values corresponding to Layer 1 sig-
naling data into cell words and to multiplex the demapped
cell words into the Layer 1 signaling data; a bit deinter-
leaver configured to bit-deinterleave the multiplexed Lay-
er 1 signaling data and at least one LDPC parity bit; a
de-puncturing means configured to perform de-punctur-
ing on the LDPC parity bit; a LDPC decoder configured
to LDPC-decode the Layer 1 signaling data and the de-
punctured LDPC parity bit; and a BCH decoder config-
ured to BCH-decode the LDPC-decoded Layer 1 signal-
ing data and the de-punctured LDPC parity bit, wherein
the receiver is configured to process Layer 1 signaling
data, wherein the Layer 1 signaling data include PLP type
information indicating the type of the associated PLP, the
PLP type information being one of common PLP,
grouped data PLP and normal data PLP, the common
PLP being a special PLP, which contains data shared by
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multiple PLPs, and wherein wherein when the PLP type
is one of the common PLP and the grouped data PLP,
the Layer 1 signaling data further include a PLP group
ID identifying with which PLP group the current PLP is
associated.

[0011] Yetanotheraspect of the presentinvention pro-
vides a method of transmitting broadcasting data to a
receiver, the method comprising: BCH encoding Layer 1
signaling data; LDPC-encoding the BCH-encoded Layer
1 signaling data to generate at least one LDPC parity bit;
performing puncturing on the generated LDPC parity bit;
bitinterleaving the LDPC-encoded Layer 1 signaling data
and the punctured LDPC parity bit; and demultiplexing
the bit interleaved Layer 1 signaling data into cell words
and mapping the cell words into constellation values by
means of a QAM mapping method, wherein the Layer 1
signaling data have PLP type information indicating the
type of the associated PLP, the PLP type information
being one of common PLP, grouped data PLP and normal
data PLP, the common PLP being a special PLP con-
taining data shared by multiple PLPs, and wherein when
the PLP type is one of the common PLP and the grouped
data PLP, the Layer 1 signaling data further include a
PLP group ID identifying with which PLP group the cur-
rent PLP is associated.

[0012] Yetanotheraspectof the presentinvention pro-
vides a method of receiving broadcasting data, the meth-
od comprising: demapping constellation values corre-
sponding to Layer 1 signaling data into cell words; mul-
tiplexing the demapped cell words into the Layer 1 sign-
aling data; bit-deinterleaving the multiplexed Layer 1 sig-
naling data and at least one LDPC parity bit; performing
de-puncturing on the LDPC parity bit; LDPC-decoding
the Layer 1 signaling data and the de-punctured LDPC
parity bit; and BCH-decoding the LDPC-decoded Layer
1 signaling data and the de-punctured LDPC parity bit,
wherein the Layer 1 signaling data include PLP type in-
formation indicating the type of the associated PLP, the
PLP type information being one of common PLP,
grouped data PLP and normal data PLP, the common
PLP being a special PLP, which contains data shared by
multiple PLPs, and wherein when the PLP type is one of
the common PLP and the grouped data PLP, the Layer
1 signaling data further include a PLP group ID identifying
with which PLP group the current PLP is associated.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0013] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this applica-
tion, illustrate embodiment(s) of the invention and togeth-
er with the description serve to explain the principle of
the invention. In the drawings:

[0014] Fig. 1is an example of digital transmission sys-
tem.
[0015] Fig. 2 is an example of an input processor.
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[0016] Fig. 3 is an information that can be included in
Base band (BB).

[0017] Fig. 4 is an example of BICM module.

[0018] Fig.5is an example of shortened/punctured en-
coder.

[0019] Fig. 6 is an example of applying various con-
stellations.

[0020] Fig. 7 is another example of cases where com-

patibility between conventional systems is considered.
[0021] Fig. 8 is a frame structure which comprises pre-
amble for L1 signaling and data symbol for PLP data.
[0022] Fig. 9 is an example of frame builder.

[0023] Fig. 10 is an example of pilot inserting module
404 shown in Fig. 4.

[0024] Fig. 11 is a structure of SP.

[0025] Fig. 12 is a new SP structure or Pilot Pattern
(PP5’).

[0026] Fig. 13 is a suggested PP5’ structure.

[0027] Fig. 14 is a relationship between data symbol
and preamble.

[0028] Fig. 15 is another relationship between data

symbol and preamble.

[0029] Fig. 16 is an example of cable channel delay
profile.

[0030] Fig. 17 is scattered pilot structure that uses
z=56 and z=112.

[0031] Fig. 18 is an example of modulator based on
OFDM.

[0032] Fig. 19 is an example of preamble structure.
[0033] Fig. 20 is an example of Preamble decoding.

[0034] Fig. 21 is a process for designing more opti-
mized preamble.

[0035] Fig. 22 is another example of preamble struc-
ture

[0036] Fig. 23 is another example of Preamble decod-
ing.

[0037] Fig. 24 is an example of Preamble structure.
[0038] Fig. 25 is an example of L1 decoding.

[0039] Fig. 26 is an example of analog processor.
[0040] Fig. 27 is an example of digital receiver system.
[0041] Fig. 28 is an example of analog processor used
at receiver.

[0042] Fig. 29 is an example of demodulator.

[0043] Fig. 30 is an example of frame parser.

[0044] Fig. 31 is an example of BICM demodulator.
[0045] Fig. 32 is an example of LDPC decoding using

shortening / puncturing.

[0046] Fig. 33 is an example of output processor.
[0047] Fig. 34 is an example of L1 block repetition rate
of 8 MHz.

[0048] Fig. 35 is an example of L1 block repetition rate
of 8 MHz.

[0049] Fig. 36 is a new L1 block repetition rate of 7.61
MHz.

[0050] Fig. 37 is an example of L1 signaling which is

transmitted in frame header.
[0051] Fig. 38 is preamble and L1 Structure simulation
result.
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[0052] Fig. 39 is an example of symbol interleaver.
[0053] Fig. 40 is an example of an L1 block transmis-
sion.

[0054] Fig. 41 isanother example of L1 signaling trans-

mitted within a frame header.

[0055] Fig. 42 is an example of frequency or time in-
terleaving/deinterleaving.

[0056] Fig. 43 is a table analyzing overhead of L1 sig-
naling which is transmitted in FECFRAME header at
ModCod Header Inserting module 307 on data path of
BICM module shown in Fig. 3.

[0057] Fig. 44 is showing a structure for FECFRAME
header for minimizing overhead.

[0058] Fig. 45 is showing a bit error rate (BER) per-
formance of the aforementioned L1 protection.

[0059] Fig. 46 is showing examples of a transmission
frame and FEC frame structure.

[0060] Fig. 47 is showing an example of L1 signaling.
[0061] Fig. 48 is showing an example of L1-pre sign-
aling.

[0062] Fig. 49 is showing a structure of L1 signaling
block.

[0063] Fig. 50 is showing an L1 time interleaving.
[0064] Fig. 51 is showing an example of extracting

modulation and code information.

[0065] Fig. 52 is showing another example of L1-pre
signaling.
[0066] Fig. 53 is showing an example of scheduling of

L1 signaling block that is transmitted in preamble.
[0067] Fig. 54 is showing an example of L1-pre sign-
aling where power boosting is considered.

[0068] Fig. 55 is showing an example of L1 signaling.
[0069] Fig. 56 is showing another example of extract-
ing modulation and code information.

[0070] Fig. 57 is showing another example of extract-
ing modulation and code information.

[0071] Fig. 58 is showing an example of L1-pre syn-
chronization.

[0072] Fig. 59 is showing an example of L1-pre sign-
aling.

[0073] Fig. 60 is showing an example of L1 signaling.
[0074] Fig. 61 is showing an example of L1 signalling
path.

[0075] Fig.62isanother example of L1 signaling trans-

mitted within a frame header.
[0076] Fig.63isanother example of L1 signaling trans-
mitted within a frame header.
[0077] Fig. 64 isanother example of L1 signaling trans-
mitted within a frame header.

[0078] Fig. 65 is showing an example of L1 signaling.
[0079] Fig. 66 is an example of symbol interleaver.
[0080] Fig. 67 is showing an interleaving performance

of time interleaver of Fig. 66.

[0081] Fig. 68 is an example of symbol interleaver.
[0082] Fig. 69 is showing an interleaving performance
of time interleaver of Fig. 68.

[0083] Fig. 70 is an example of symbol deinterleaver.
[0084] Fig. 71 is another example of time interleaving.
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[0085] Fig. 72 is a result of interleaving using method
shown in Fig. 71.

[0086] Fig. 73 is an example of addressing method of
Fig. 72.

[0087] Fig. 74 is another example of L1 time interleav-
ing.

[0088] Fig. 75 is an example of symbol deinterleaver.
[0089] Fig. 76 is another example of deinterleaver.
[0090] Fig. 77 is an example of symbol deinterleaver.
[0091] Fig. 78 is an example of row and column ad-

dresses for time deinterleaving.

[0092] Fig. 79 shows an example of general block in-
terleaving in a data symbol domain where pilots are not
used.

[0093] Fig. 80 is an example of an OFDM transmitter
which uses data slices.

[0094] Fig. 81 is an example of an OFDM receiver
which uses data slice.

[0095] Fig. 82 is an example of time interleaver and an
example of time deinterleaver.

[0096] Fig. 83 is an example of forming OFDM sym-
bols.

[0097] Fig. 84 is an example of a Time Interleaver (TI).
[0098] Fig. 85is an example of a Time Interleaver (TI).

[0099] Fig. 86 is an example of a preamble structure
atatransmitterand an example of a process at areceiver.
[0100] Fig. 87 is an example of a process at a receiver
to obtain L1_XFEC_FRAME from preamble.

[0101] Fig. 88 is an example of a preamble structure
atatransmitter and an example of a process at areceiver.
[0102] Fig. 89 is anexample of a Time Interleaver (TI).
[0103] Fig. 90 is an example of an OFDM transmitter
using data slices.

[0104] Fig. 91 is an example of an OFDM receiver us-
ing data slices.

[0105] Fig. 92 is an example of a Time Interleaver (TI).
[0106] Fig. 93 is an example of a Time De-Interleaver
(TDI).

[0107] Fig. 94 is an example of a Time Interleaver (TI).
[0108] Fig. 95 is an example of preamble time inter-

leaving and deinterleaving flow.

[0109] Fig. 96 is a Time Interleaving depth parameter
in L1 header signaling.

[0110] Fig.97 is an example of an L1 header signaling,
L1 structure, and a padding method.

[0111] Fig. 98 is an example of L1 signaling.

[0112] Fig. 99 is an example of dslice_ti_depth.
[0113] Fig. 100 is an example of dslice_type.
[0114] Fig. 101 is an example of plp_type.

[0115] Fig. 102 is an example of Plp_payload_type.
[0116] Fig. 103 is an example of Plp_modcod.
[0117] Fig. 104 is an example of Gl.

[0118] Fig. 105 is an example of PAPR.

[0119] Fig. 106 is an example of L1 signaling.
[0120] Fig. 107 is an example of plp_type.

[0121] Fig. 108 is an example of L1 signaling.
[0122] Fig. 109 is an example of an L1 header signal-

ing, L1 structure, and a padding method.
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[0123] Fig. 110 is an example of L1 signaling.

[0124] Fig. 111 is showing examples of fields of L1
signaling.

[0125] Fig. 112 is an example of L1 signaling.

[0126] Fig. 113 is an example of plp_type.

[0127] Fig. 114 is an example of L1 signaling and L2

signaling for normal and bundled PLP types.

[0128] Fig. 115 is an example of L1 and L2 decoding
action flow of a conventional DVB-C2 receiver with 8MHz
single tuner.

[0129] Fig. 116 is an example of L1 and L2 decoding
action flow of a premium DVB-C2 receiver with multiple
tuners or a wideband single tuner.

[0130] Fig. 117 isanexample of anL2 signalling for C2.
[0131] Fig. 118 is an example of duration of the active
OFDM symbol.

[0132] Fig. 119is an example of guard interval values.
[0133] Fig. 120 is an example of L1 signaling.

[0134] Fig. 121 is an example of L1 block time inter-
leaving.

[0135] Fig. 122 is an example of an OFDM transmitter
using data slice.

[0136] Fig. 123 is an example of an OFDM receiver
using data slice.

[0137] Fig.124is an example of an L1 data processing

flow of a transmitter.

[0138] Fig. 125is an example of an L1 data processing
flow of a receiver.

[0139] Fig.126isanexampleofanL1timeinterleaving
process of a transmitter.

[0140] Fig. 127 is an example of an L1 time de-inter-
leaving process of a receiver.

[0141] Fig. 128 is an example of a PLP_MODCOD.
[0142] Fig. 129 is an example of an L1 signaling.
[0143] Fig. 130 is an example of L1 signaling fields.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0144] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like
parts.

[0145] In the following description, the term "service"
is indicative of either broadcast contents which can be
transmitted/received by the signal transmission/recep-
tion apparatus.

[0146] Fig. 1 shows an example of digital transmission
system according to an embodiment of the present in-
vention. Inputs can comprise a number of MPEG-TS
streams or GSE (General Stream Encapsulation)
streams. An input processor 101 can add transmission
parameters to input stream and perform scheduling for
a BICM module 102. The BICM module 102 can add
redundancy and interleave data for transmission channel
error correction. A frame builder 103 can build frames by
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adding physical layer signaling information and pilots. A
modulator 104 can perform modulation on input symbols
in efficient methods. An analog processor 105 can per-
formvarious processes for converting input digital signals
into output analog signals.

[0147] Fig. 2 shows an example of an input processor.
Input MPEG-TS or GSE stream can be transformed by
input preprocessor into a total of n streams which will be
independently processed. Each of those streams can be
either a complete TS frame which includes multiple serv-
ice components or a minimum TS frame which includes
service component (i.e., video or audio). In addition, each
of those streams can be a GSE stream which transmits
either multiple services or a single service.

[0148] Input interface 202-1 can allocate a number of
input bits equal to the maximum data field capacity of a
Baseband (BB) frame. A padding may be inserted to com-
plete the LDPC/BCH code block capacity. The input
stream synchronizer 203-1 can provide a mechanism to
regenerate, in the receiver, the clock of the Transport
Stream (or packetized Generic Stream), in order to guar-
antee end-to-end constant bit rates and delay.

[0149] In order to allow the Transport Stream recom-
bining without requiring additional memory in the receiv-
er, the input Transport Streams are delayed by delay
compensator 204-1~n considering interleaving parame-
ters of the data PLPs in a group and the corresponding
common PLP. Null packet deleting module 205-1~n can
increase transmission efficiency by removing inserted
null packet for a case of VBR (variable bit rate) service.
Cyclic Redundancy Check (CRC) encoder modules
206-1~n can add CRC parity to increase transmission
reliability of BB frame. BB header insert (207-1~n) mod-
ules can add BB frame header at a beginning portion of
BB frame. Information that can be included in BB header
is shown in Fig. 3.

[0150] A Merger/slicer module 208 can perform BB
frame slicing from each PLP, merging BB frames from
multiple PLPs, and scheduling each BB frame within a
transmission frame. Therefore, the merger/slicer module
208 can output L1 signaling information which relates to
allocation of PLP in frame. Lastly, a BB scrambler module
209 can randomize input bitstreams to minimize corre-
lation between bits within bitstreams. The modules in
shadow in Fig. 2 are modules used when transmission
system uses a single PLP, the other modules in Fig. 2
are modules used when the transmission device uses
multiple PLPs.

[0151] Fig. 4 shows an embodiment of BICM module
according to the presentinvention. Fig. 4a shows a BICM
for a data path and Fig. 4b shows a BICM for L1 signaling
path.

[0152] Referring to Fig. 4a, an outer coder 301 and an
inner coder 303 can add redundancy to input bitstreams
for error correction. An outer interleaver 302 and an inner
interleaver 304 can interleave bits to prevent burst error.
The Outer interleaver 302 can be omitted if the BICM is
specifically for DVB-C2. A bit demux 305 can control re-
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liability of each bit output from the inner interleaver 304.
A symbol mapper 306 can map input bitstreams into sym-
bol streams. At this time, it is possible to use any of a
conventional QAM, an MQAM which uses the aforemen-
tioned BRGC for performance improvement, an NU-
QAM which uses Non-uniform modulation, or an NU-
MQAM which uses Non-uniform modulation applied
BRGC for performance improvement. To construct a sys-
tem which is more robust against noise, combinations of
modulations using MQAM and/or NU-MQAM depending
on the code rate of the error correction code and the
constellation capacity can be considered. At this time,
the Symbol mapper 306 can use a proper constellation
according to the code rate and constellation capacity.
Fig. 6 shows an example of such combinations.

[0153] Case 1 shows an example of using only NU-
MQAM at low code rate for simplified system implemen-
tation. Case 2 shows an example of using optimized con-
stellation at each code rate. The transmitter can send
information about the code rate of the error correction
code and the constellation capacity to the receiver such
that the receiver can use an appropriate constellation.
Fig. 7 shows another example of cases where compati-
bility between conventional systems is considered. In ad-
dition to the examples, further combinations for optimiz-
ing the system are possible.

[0154] The ModCod Header inserting module 307
shown in Fig. 4 can take Adaptive coding and modulation
(ACM)/Variable coding and modulation (VCM) feedback
information and add parameter information used in cod-
ing and modulation to a FEC block as header. The Mod-
ulation type/Coderate (ModCod) header can include the
following information:

* FEC type (1 bits) - long or short LDPC
* Coderate (3 bits)

* Modulation (3 bits) - up-to 64K QAM

* PLP identifier (8 bits)

[0155] The Symbol interleaver 308 can perform inter-
leaving in symbol domain to obtain additional interleaving
effects. Similar processes performed on data path can
be performed on L1 signaling path but with possibly dif-
ferent parameters 301-1 ~ 308-1. At this point, a short-
ened/punctured coder 303-1 can be used for inner code.
[0156] Fig. 5 shows an example of LDPC encoding
using shortening / puncturing. Shortening process can
be performed on input blocks which have less bits than
a required number of bits for LDPC encoding as many
zero bits required for LDPC encoding can be padded by
the zero padding module 301 c. Zero Padded input bit-
streams can have parity bits through LDPC encoder
302c. At this time, for bitstreams that correspond to orig-
inal bitstreams, zeros can be removed (303c) and for
parity bitstreams, puncturing can be performed accord-
ing to code-rates by the parity puncturing module 304c.
These processed information bitstreams and parity bit-
streams can be multiplexed into original sequences and
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outputted by the Mux 305c.

[0157] Fig. 8 shows a frame structure which comprises
preambile for L1 signaling and data symbol for PLP data.
It can be seen that preamble and data symbols are cy-
clically generated, using one frame as a unit. Data sym-
bols comprise PLP type 0 which is transmitted using a
fixed modulation/coding and PLP type 1 which is trans-
mitted using a variable modulation/coding. For PLP type
0, information such as modulation, FEC type, and FEC
code rate are transmitted in preamble (see Fig. 9 for
Frame header inserting module 401). For PLP type 1,
corresponding information can be transmitted in FEC
block header of a data symbol (see Fig. 3 for ModCod
header inserting module 307). By the separation of PLP
types, ModCod overhead can be reduced by 3~4% from
a total transmission rate, for PLP typeO which is trans-
mitted at a fixed bit rate. At a receiver, for fixed modula-
tion/coding PLP of PLP type 0, Frame header remover
r401 shown in Fig. 30 can extract information on Modu-
lation and FEC code rate and provide the extracted in-
formation to a BICM decoding module. For variable mod-
ulation/coding PLP of PLP type 1, ModCod extractor
r307, r307-1 shown in Fig. 31 can extract and provide
the parameters necessary for BICM decoding.

[0158] Fig. 9 shows an example of a frame builder. A
frame header inserting module 401 can form a frame
from input symbol streams and can add frame header at
front of each transmitted frame. The frame header can
include the following information:

* Number of bonded channels (4 bits)

* Guard interval (2 bits)

* PAPR (2 bits)

* Pilot pattern (2 bits)

* Digital System identification (16 bits)

* Frame identification (16 bits)

* Frame length (16 bits) - number of Orthogonal Fre-
quency Division Multiplexing (OFDM) symbols per
frame

* Superframe length (16 bits) - number of frames per
superframe

* number of PLPs (8 bits)

* for each PLP

PLP identification (8 bits)

Channel bonding id (4 bits)

PLP start (9 bits)

PLP type (2 bits) - common PLP or others

PLP payload type (5 bits)

MC type (1 bit) - fixed/variable modulation & coding
if MC type == fixed modulation & coding

FEC type (1 bits) - long or short LDPC

Coderate (3 bits)

Modulation (3 bits) - up-to 64K QAM

end if;

Number of notch channels (2 bits)

for each notch

Notch start (9 bits)

Notch width (9 bits)
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end for;

PLP width (9 bits) - max number of FEC blocks of
PLP PLP time interleaving type (2 bits)

end for;

* CRC-32 (32 bits)

[0159] Channel bonding environment is assumed for
L1 information transmitted in Frame header and data that
correspond to each data slice is defined as PLP. There-
fore, information such as PLP identifier, channel bonding
identifier, and PLP start address are required for each
channel used in bonding. One embodiment of this inven-
tion suggests transmitting ModCod field in FEC frame
header if PLP type supports variable modulation/coding
and transmitting ModCod field in Frame header if PLP
type supports fixed modulation/coding to reduce signal-
ing overhead. In addition, if a Notch band exists for each
PLP, by transmitting the start address of the Notch and
its width, decoding corresponding carriers at the receiver
can become unnecessary.

[0160] Fig. 10 shows an example of Pilot Pattern (PP5)
applied in a channel bonding environment. As shown, if
SP positions are coincident with preamble pilot positions,
irregular pilot structure can occur.

[0161] Fig. 10a shows an example of pilot inserting
module 404 as shown in Fig. 9. As represented in Fig.
103, if a single frequency band (for example, 8 MHz) is
used, the available bandwidth is 7.61 MHz, but if multiple
frequency bands are bonded, guard bands can be re-
moved, thus, frequency efficiency can increase greatly.
Fig. 10b is an example of preamble inserting module 504
as shown in Fig. 18 that is transmitted at the front part of
the frame and even with channel bonding, the preamble
has repetition rate of 7.61 MHz, which is bandwidth of L1
block. This is a structure considering the bandwidth of a
tuner which performs initial channel scanning.

[0162] Pilot Patterns exist for both Preamble and Data
Symbols. For data symbol, scattered pilot (SP) patterns
can be used. Pilot Pattern (PP5) and Pilot Pattern (PP7)
of T2 can be good candidates for frequency-only inter-
polation. PP5 has x=12, y=4, z=48 for GI=1/64 and PP7
has x=24, y=4, z=96 for GI=1/128. Additional time-inter-
polation is also possible for a better channel estimation.
Pilot patterns for preamble can cover all possible pilot
positions for initial channel acquisition. In addition, pre-
amble pilot positions should be coincident with SP posi-
tions and a single pilot pattern for both the preamble and
the SP is desired. Preamble pilots could also be used for
time-interpolation and every preamble could have an
identical pilot pattern. These requirements are important
for C2 detection in scanning and necessary for frequency
offset estimation with scrambling sequence correlation.
In a channel bonding environment, the coincidence in
pilot positions should also be kept for channel bonding
because irregular pilot structure may degrade interpola-
tion performance.

[0163] Indetall, if adistance z between scattered pilots
(SPs) in an OFDM symbol is 48 and if a distance y be-
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tween SPs corresponding to a specific SP carrier along
the time axis is 4, an effective distance x after time inter-
polation becomes 12. This is when a guard interval (Gl)
fraction is 1/64. If Gl fraction is 1/128, x=24, y=4, and
z=96 can be used. If channel bonding is used, SP posi-
tions can be made coincident with preamble pilot posi-
tions by generating non-continuous points in scattered
pilot structure.

[0164] Atthistime, preamble pilot positions can be co-
incident with every SP positions of data symbol. When
channel bonding is used, data slice where a service is
transmitted, can be determined regardless of 8 MHz
bandwidth granularity. However, for reducing overhead
for data slice addressing, transmission starting from SP
position and ending at SP position can be chosen.
[0165] When a receiver receives such SPs, if neces-
sary, channel estimation (r501) shown in Fig. 29 can per-
form time interpolation to obtain pilots shown in dotted
lines in Fig. 10 and 10 and perform frequency interpola-
tion. At this time, for non-continuous points of which in-
tervals are designated as '32’ in Fig. 10a, either perform-
ing interpolations on left and right separately or perform-
ing interpolations on only one side then performing inter-
polation on the other side by using the already interpo-
lated pilot positions of which interval is 12 as a reference
point can be implemented. At this time, data slice width
can vary within 7.61 MHz, thus, a receiver can minimize
power consumption by performing channel estimation
and decoding only necessary subcarriers.

[0166] Fig. 11 shows another example of PP5 applied
in channel bonding environment or a structure of SP for
maintaining effective distance x as 12 to avoid irregular
SP structure shown in Fig. 10 when channel bonding is
used. As shown, if SP distance is kept consistent in case
of channel bonding, there will be no problem in frequency
interpolation but pilot positions between data symbol and
preamble may not be coincident. In other words, this
structure does not require additional channel estimation
for anirregular SP structure, however, SP positions used
in channel bonding and preamble pilot positions become
different for each channel.

[0167] Fig. 12 shows a new SP structure or PP5’ to
provide a solution to the two problems aforementioned
in channel bonding environment. Specifically, a pilot dis-
tance of x=16 can solve those problems. To preserve
pilot density or to maintain the same overhead, a PP%’
can have x=16, y=3, z=48 for GI=1/64 and a PP7’ can
have x=16, y=6, z=96 for GI=1/128. Frequency-only in-
terpolation capability can still be maintained. Pilot posi-
tions are depicted in Fig. 12 for comparison with PP5
structure.

[0168] Fig. 13 shows an example of a new SP Pattern
or PP5’ structure in channel bonding environment. As
shown in Fig. 46, whether either single channel or chan-
nel bonding is used, an effective pilot distance x=16 can
be provided. In addition, because SP positions can be
made coincident with preamble pilot positions, channel
estimation deterioration caused by SP irregularity or non-
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coincident SP positions can be avoided. In other words,
no irregular SP position exists for freg-interpolator and
coincidence between preamble and SP positions is pro-
vided.

[0169] Consequently, the proposed new SP patterns
can be advantageous in that single SP pattern can be
used for both single and bonded channel; no irregular
pilot structure can be caused, thus a good channel esti-
mation is possible; both preamble and SP pilot positions
can be kept coincident; pilot density can be kept the same
as for PP5 and PP7 respectively; and Frequency-only
interpolation capability can also be preserved.

[0170] In addition, the preamble structure can meet
the requirements such as preamble pilot positions should
cover all possible SP positions for initial channel acqui-
sition; maximum number of carriers should be 3409 (7.61
MHz) for initial scanning; exactly same pilot patterns and
scrambling sequence should be used for C2 detection;
and no detection-specific preamble like P1 in T2 is re-
quired.

[0171] In terms of relation with frame structure, data
slice position granularity may be modified to 16 carriers
rather than 12, thus, less position addressing overhead
can occur and no other problem regarding data slice con-
dition, Null slot condition etc can be expected.

[0172] Therefore, at channel estimation module r501
of Fig. 62, pilots in every preamble can be used when
time interpolation of SP of data symbol is performed.
Therefore, channel acquisition and channel estimation
at the frame boundaries can be improved.

[0173] Now, regarding requirements related to the pre-
amble and the pilot structure, there is consensus in that
positions of preamble pilots and SPs should coincide re-
gardless of channel bonding; the number of total carriers
in L1 block should be dividable by pilot distance to avoid
irregular structure at band edge; L1 blocks should be
repeated in frequency domain; and L1 blocks should al-
ways be decodable in arbitrary tuner window position.
Additional requirements would be that pilot positions and
patterns should be repeated by period of 8 MHz; correct
carrier frequency offset should be estimated without
channel bonding knowledge; and L1 decoding (re-order-
ing) is impossible before the frequency offset is compen-
sated.

[0174] Fig. 14 shows arelationship between data sym-
bol and preamble when preamble structures as shown
in Fig. 19 and Fig. 20 are used. L1 block can be repeated
by period of 6 MHz. For L1 decoding, both frequency
offset and Preamble shift pattern should be found. L1
decodingis not possible in arbitrary tuner position without
channel bonding information and a receiver cannot dif-
ferentiate between preamble shift value and frequency
offset.

[0175] Thus, areceiver, specifically for Frame header
remover (r401) shown in Fig. 30 to perform L1 signal
decoding, channel bonding structure needs to be ob-
tained. Because preamble shift amount expected at two
vertically shadowed regions in Fig. 30 is known, time/freq
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synchronizer r505in Fig. 29 can estimate carrier frequen-
cy offset. Based on the estimation, L1 signaling path
r308-1 ~ r301-1 in Fig. 31 can decode L1 block.

[0176] Fig. 15 shows a relationship between data sym-
bol and preamble when the preamble structure as shown
in Fig. 22 is used. L1 block can be repeated by period of
8 MHz. For L1 decoding, only frequency offset needs to
be found and channel bonding knowledge may not be
required. Frequency offset can be easily estimated by
using known Pseudo Random Binary Sequence (PRBS)
sequence. As shown in Fig. 48, preamble and data sym-
bols are aligned, thus, additional sync search can be-
come unnecessary. Therefore, for a receiver, specifically
for the Frame header remover r401 shown in Fig. 63, it
is possible that only correlation peak with pilot scrambling
sequence needs to be obtained to perform L1 signal de-
coding. The time/freq synchronizer r505 in Fig. 29 can
estimate carrier frequency offset from peak position.
[0177] Fig. 16 shows an example of cable channel de-
lay profile.

[0178] From the point of view of pilot design, current
Gl already over-protects delay spread of cable channel.
In the worst case, redesigning the channel model can be
an option. To repeat the pattern exactly every 8 MHz, the
pilot distance should be a divisor of 3584 carriers (z=32
or56). A pilot density of z=32 canincrease pilot overhead,
thus, z=56 can be chosen. Slightly less delay coverage
may not be an important in cable channel. For example,
it can be 8 ws for PP5 and 4 s for PP7’ compared to
9.3 ws (PP5) and 4.7 ps (PP7). Meaningful delays can
be covered by both pilot patterns even in a worst case.
For preamble pilot position, no more than all SP positions
in data symbol are necessary.

[0179] If the -40 dB delay path can be ignored, actual
delay spread can become 2.5us, 1/64 Gl =7 s, or 1/128
Gl = 3.5 us. This shows that pilot distance parameter,
z=56 can be a good enough value. In addition, z=56 can
be a convenient value for structuring pilot pattern that
enables preamble structure shown in Fig. 48.

[0180] Fig. 17 shows scattered pilot structure that uses
z=56 and z=112 which is constructed at pilot inserting
module 404 in Fig. 42. PP5’ (x=14, y=4, z=56) and PP7’
(x=28, y=4, z=112) are proposed. Edge carriers could be
inserted for closing edge.

[0181] Asshownin Fig. 50, pilots are aligned at 8 MHz
from each edge of the band, every pilot position and pilot
structure can be repeated every 8 MHz. Thus, this struc-
ture can support the preamble structure shown in Fig.
48. In addition, a common pilot structure between pre-
amble and data symbols can be used. Therefore, channel
estimation module r501 in Fig. 29 can perform channel
estimation usinginterpolation on preamble and data sym-
bols because no irregular pilot pattern can occur, regard-
less of window position which is decided by data slice
locations. At this time, using only frequency interpolation
can be enough to compensate channel distortion from
delay spread. If time interpolation is performed addition-
ally, more accurate channel estimation can be per-
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formed.

[0182] Consequently, in the new proposed pilot pat-
tern, pilot position and pattern can be repeated based on
a period of 8 MHz. A single pilot pattern can be used for
both preamble and data symbols. L1 decoding can al-
ways be possible without channel bonding knowledge.
In addition, the proposed pilot pattern may not affect com-
monality with T2 because the same pilot strategy of scat-
tered pilot pattern can be used; T2 already uses 8 differ-
ent pilot patterns; and no significant receiver complexity
can be increased by modified pilot patterns. For a pilot
scrambling sequence, the period of PRBS can be 2047
(m-sequence); PRBS generation can be reset every 8
MHz, of which the period is 3584; pilot repetition rate of
56 can be also co-prime with 2047; and no PAPR issue
can be expected.

[0183] Fig. 18 shows an example of a modulator based
on OFDM. Input symbol streams can be transformed into
time domain by IFFT module 501. If necessary, peak-to-
average power ratio (PAPR) can be reduced at PAPR
reducing module 502. For PAPR methods, Active con-
stellation extension (ACE) or tone reservation can be
used. Gl inserting module 503 can copy a last part of
effective OFDM symbol to fill guard interval in a form of
cyclic prefix.

[0184] Preamble inserting module 504 can insert pre-
amble at the front of each transmitted frame such that a
receiver can detect digital signal, frame and acquire time/
freq offset acquisition. At this time, the preamble signal
can perform physical layer signaling such as FFT size (3
bits) and Guard interval size (3 bits). The Preamble in-
serting module 504 can be omitted if the modulator is
specifically for DVB-C2.

[0185] Fig. 19 shows an example of a preamble struc-
ture for channel bonding, generated at preamble insert-
ing module 504 in Fig. 51. One complete L1 block should
be "always decodable" in any arbitrary 7.61 MHz tuning
window position and no loss of L1 signaling regardless
of tuner window position should occur. As shown, L1
blocks can be repeated in frequency domain by period
of 6 MHz. Data symbol can be channel bonded for every
8 MHz. If, for L1 decoding, a receiver uses a tuner such
as the tuner r603 represented in Fig. 28 which uses a
bandwidth of 7.61 MHz, the Frame header remover r401
in Fig. 30 needs to rearrange the received cyclic shifted
L1 block (Fig. 20) to its original form. This rearrangement
is possible because L1 block is repeated for every 6MHz
block.

[0186] Fig. 21 shows a process for designing a more
optimized preamble. The preamble structure of Fig. 19
uses only 6MHz of total tuner bandwidth 7.61 MHz for
L1 decoding. In terms of spectrum efficiency, tuner band-
width of 7.61 MHz is not fully utilized. Therefore, there
can be further optimization in spectrum efficiency.
[0187] Fig. 22 shows another example of preamble
structure or preamble symbols structure for full spectrum
efficiency, generated at Frame Header Inserting module
401 in Fig. 42. Just like data symbol, L1 blocks can be
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repeated in frequency domain by period of 8 MHz. One
complete L1 block is still "always decodable" in any ar-
bitrary 7.61 MHz tuning window position. After tuning,
the 7.61 MHz data can be regarded as a virtually punc-
tured code. Having exactly the same bandwidth for both
the preamble and data symbols and exactly the same
pilot structure for both the preamble and data symbols
can maximize spectrum efficiency. Other features such
as cyclic shifted property and not sending L1 block in
case of no data slice can be kept unchanged. In other
words, the bandwidth of preamble symbols can be iden-
tical with the bandwidth of data symbols or, as shown in
Fig. 57, the bandwidth of the preamble symbols can be
the bandwidth of the tuner (here, it's 7.61 MHz). The tuner
bandwidth can be defined as a bandwidth that corre-
sponds to a number of total active carriers when a single
channel is used. That is, the bandwidth of the preamble
symbol can correspond to the number of total active car-
riers (here, it's 7.61 MHz).

[0188] Fig. 23 shows a virtually punctured code. The
7.61 MHz data among the 8 MHz L1 block can be con-
sidered as punctured coded. When a tuner r603 shown
in Fig. 28 uses 7.61 MHz bandwidth for L1 decoding,
Frame headerremoverr401in Fig. 30 needs torearrange
received, cyclic shifted L1 block into original form as
shown in Fig. 56. At this time, L1 decoding is performed
using the entire bandwidth of the tuner. Once the L1 block
is rearranged, a spectrum of the rearranged L1 block can
have a blank region within the spectrum as shown in up-
per right side of Fig. 23 because an original size of L1
block is 8 MHz bandwidth.

[0189] Once the blank region is zero padded, either
after deinterleaving in symbol domain by the freq. dein-
terleaver r403 in Fig. 30 or by the symbol deinterleaver
r308-1 in Fig. 31 or after deinterleaving in bit domain by
the symbol demapper r306-1, bit mux r305-1, and inner
deinterleaver r304-1 in Fig. 31, the block can have a form
which appears to be punctured as shown in lower right
side of Fig. 23.

[0190] This L1 block can be decoded at the punctured/
shortened decoding module r303-1 in Fig. 31. By using
these preamble structure, the entire tuner bandwidth can
be utilized, thus spectrum efficiency and coding gain can
be increased. In addition, an identical bandwidth and pilot
structure can be used for the preamble and data symbols.
[0191] In addition, if the preamble bandwidth or the
preamble symbols bandwidth is set as a tuner bandwidth
as shown in Fig. 25, (it's 7.61 MHz in the example), a
complete L1 block can be obtained after rearrangement
even without puncturing. In other words, for a frame hav-
ing preamble symbols, wherein the preamble symbols
have at least one layer 1 (L1) block, it can be said, the
L1 block has 3408 active subcarriers and the 3408 active
subcarriers correspond to 7.61 MHz of 8MHz Radio Fre-
quency (RF) band.

[0192] Thus, spectrum efficiency and L1 decoding per-
formance can be maximized. In other words, at a receiv-
er, decoding can be performed at punctured/shortened
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decoding module block r303-1 in Fig. 31, after performing
only deinterleaving in the symbol domain.

[0193] Consequently, the proposed new preamble
structure can be advantageous in thatit's fully compatible
with previously used preamble except that the bandwidth
is different; L1 blocks are repeated by period of 8 MHz;
L1 block can be always decodable regardless of tuner
window position; Full tuner bandwidth can be used for
L1 decoding; maximum spectrum efficiency can guaran-
tee more coding gain; incomplete L1 block can be con-
sidered as punctured coded; simple and same pilot struc-
ture can be used for both preamble and data; and iden-
tical bandwidth can be used for both preamble and data.
[0194] Fig. 26 shows an example of an analog proc-
essor. A DAC (601) can convert digital signal input into
analog signal. After transmission frequency bandwidth
is up-converted at up-converter 602 and analog filtered
signal through analog filter 603 can be transmitted.
[0195] Fig. 27 shows an example of a digital receiver
system according to an embodiment of the present in-
vention. Received signal is converted into digital signal
at an analog processor r105. A demodulator r104 can
convert the signal into data in frequency domain. A frame
parser r103 can remove pilots and headers and enable
selection of service information that needs to be decod-
ed. A BICM demodulator r102 can correct errors in the
transmission channel. An output processor r101 can re-
store the originally transmitted service stream and timing
information.

[0196] Fig. 28 shows an example of analog processor
used at the receiver. A Tuner/AGC (Auto gain controller)
module r603 can select desired frequency bandwidth
from received signal. A down converter r602 can restore
baseband. An ADC r601 can convert analog signal into
digital signal.

[0197] Fig. 29 shows an example of demodulator. A
frame detector r506 can detect the preamble, check if a
corresponding digital signal exists, and detect a start of
a frame. A time/freq synchronizer r505 can perform syn-
chronization in time and frequency domains. At this time,
for time domain synchronization, a guard interval corre-
lation can be used. For frequency domain synchroniza-
tion, correlation can be used or offset can be estimated
from phase information of a subcarrier that is transmitted
in the frequency domain. A preamble remover r504 can
remove preamble from the front of detected frame. A GlI
remover r503 can remove guard interval. A FFT module
r501 can transform signal in the time domain into signal
in the frequency domain. A channel estimation/equaliza-
tion module r501 can compensate errors by estimating
distortion in transmission channel using pilot symbol. The
Preamble remover r504 can be omitted if the demodula-
tor is specifically for DVB-C2.

[0198] Fig. 30 shows an example of frame parser. A
pilot remove(r404) can remove pilot symbol. A frequency
deinterleaver r403 can perform deinterleaving in the fre-
quency domain. An OFDM symbol merger r402 can re-
store data frame from symbol streams transmitted in
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OFDM symbols. A frame header remover r401 can ex-
tract physical layer signaling from header of each trans-
mitted frame and remove header. Extracted information
can be used as parameters for following processes in
the receiver.

[0199] Fig. 31 shows an example of a BICM demodu-
lator. Fig. 31 a shows a data path and Fig. 31b shows a
L1 signaling path. A symbol deinterleaver r308 can per-
form deinterleaving in the symbol domain. A ModCod
extractorr307 can extract ModCod parameters from front
of each BB frame and make the parameters available for
following adaptive/variable demodulation and decoding
processes. A Symbol demapper r306 can demap input
symbol streams into bit Log-Likelyhood Ratio (LLR)
streams. The Output bit LLR streams can be calculated
by using a constellation used in a Symbol mapper 306
of the transmitter as reference point. At this point, when
the aforementioned MQAM or NU-MQAM is used, by cal-
culating both | axis and Q axis when calculating bit near-
est from MSB and by calculating either | axis or Q axis
when calculating the rest bits, an efficient symbol dem-
apper can be implemented. This method can be applied
to, for example, Approximate LLR, Exact LLR, or Hard
decision.

[0200] When an optimized constellation according to
constellation capacity and code rate of error correction
code atthe Symbol mapper 306 of the transmitter is used,
the Symbol demapper r306 of the receiver can obtain a
constellation using the code rate and constellation ca-
pacity information transmitted from the transmitter. The
bit mux r305 of the receiver can perform an inverse func-
tion of the bit demux 305 of the transmitter. The Inner
deinterleaver r304 and outer deinterleaver r302 of the
receiver can perform inverse functions of the inner inter-
leaver (304) and outer interleaver 302 of the transmitter,
respectively to get the bitstream in its original sequence.
The outer deinterleaver r302 can be omitted if the BICM
demodulator is specifically for DVB-C2.

[0201] Theinner decoder r303 and outer decoderr301
of the receiver can perform corresponding decoding
processes to the inner coder 303 and outer coder 301 of
the transmitter, respectively, to correct errors in the trans-
mission channel. Similar processes performed on data
path can be performed on L1 signaling path, but with
different parameters r308-1 ~ r301-1. At this point, as
explained in the preamble part, a shortened/punctured
coding module r303-1 can be used for L1 signal decod-
ing.

[0202] Fig. 32 shows an example of LDPC decoding
using shortening / puncturing module r303-1. A demux
r301a can separately output information part and parity
part of systematic code from input bit streams. For the
information part, a zero padding module r302a can per-
form zero padding according to a number of input bit
streams of LDPC decoder, and for the parity part, input
bit streams for the LDPC decoder can be generated by
de-puncturing the punctured part at the parity depunc-
turing module r303a. LDPC decoding by the module
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r304a can be performed on generated bit streams, and
zeros in information part can be removed by the zero
remover r305a and outputted.

[0203] Fig. 33 shows an example of output processor.
A BB descrambler r209 can restore scrambled bit
streams at the transmitter. A Splitter r208 can restore BB
frames that correspond to multiple PLP that are multi-
plexed and transmitted from the transmitter according to
PLP path. For each PLP path, a BB header removers
r207-1~n can remove the header that is transmitted at
the front of the BB frame. A CRC decoder r206-1~n can
perform CRC decoding and make reliable BB frames
available for selection. A Null packet inserting module
r205-1~n can restore null packets which were removed
for highertransmission efficiency in their original location.
A Delay recovering module r204-1~n can restore a delay
that exists between each PLP path.

[0204] An output clock recovering module r203-1~n
can restore the original timing of the service stream from
timing information transmitted from the input stream syn-
chronizer 203-1~n. An output interface module r202-1~n
can restore data in TS/GS packet from input bit streams
that are sliced in BB frame. An output postprocessor
r201-1~n canrestore multiple TS/GS streams into a com-
plete TS/GS stream, if necessary. The shaded blocks
shown in Fig. 33 represent modules that can be used
when a single PLP is processed at a time and the rest of
the blocks represent modules that can be used when
multiple PLPs are processed at the same time.

[0205] Preamble pilot patterns were carefully designed
to avoid PAPR increase, thus, whether L1 repetition rate
may increase PAPR needs to be considered. The
number of L1 information bits varies dynamically accord-
ing to the channel bonding, the number of PLPs, etc. In
detail, it is necessary to consider things such as fixed L1
block size may introduce unnecessary overhead; L1 sig-
naling should be protected more strongly than data sym-
bols; and time interleaving of L1 block can improve ro-
bustness over channel impairment such as impulsive
noise need.

[0206] For a L1 block repetition rate of 8 MHz, as
shown in Fig. 34, full spectrum efficiency (26.8% BW in-
crease) is exhibited with virtual puncturing but the PAPR
may be increased since L1 bandwidth is the same as that
of the data symbols. For the repetition rate of 8 MHz, 4K-
FFT DVB-T2 frequency interleaving can be used for com-
monality and the same pattern can repeat itself at a 8
MHz period after interleaving.

[0207] For a L1 block repetition rate of 6 MHz, as
shown in Fig. 35, reduced spectrum efficiency can be
exhibited with no virtual puncturing. A similar problem of
PAPR as for the 8MHz case can occur since the L1 and
data symbol bandwidths share LCM=24 MHz. For the
repetition rate of 6 MHz, 4K-FFT DVB-T2 frequency in-
terleaving can be used for commonality and the same
pattern can repeat itself at a period of 24 MHz after in-
terleaving.

[0208] Fig. 36 shows a new L1 block repetition rate of
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7.61 MHz or full tuner bandwidth. A full spectrum efficien-
cy (26.8% BW increase) can be obtained with no virtual
puncturing. There can be no PAPR issue since L1 and
data symbol bandwidths share LCM=1704 MHz. For the
repetition rate of 7.61 MHz, 4K-FFT DVB-T2 frequency
interleaving can be used for commonality and the same
pattern can repeat itself by period of about 1704 MHz
after interleaving.

[0209] Fig. 37 is an example of L1 signaling which is
transmitted in the frame header. Each information in L1
signaling can be transmitted to the receiver and can be
used as a decoding parameter. Especially, the informa-
tion can be used in L1 signal path shown in Fig. 31 and
PLPs can be transmitted in each data slice. An increased
robustness for each PLP can be obtained.

[0210] Fig. 39 is an example of a symbol interleaver
308-1 as shown in L1 signaling path in Fig. 4 and also
can be an example of its corresponding symbol deinter-
leaver r308-1 as shown in L1 signaling path in Fig. 31.
Blocks with tilted lines represent L1 blocks and solid
blocks represent data carriers. L1 blocks can be trans-
mitted not only within a single preamble, but also can be
transmitted within multiple OFDM blocks. Depending on
a size of L1 block, the size of the interleaving block can
vary. In other words, num_L1_sym and L1 span can be
different from each other. To minimize unnecessary over-
head, data can be transmitted within the rest of the car-
riers of the OFDM symbols where the L1 block is trans-
mitted. At this point, full spectrum efficiency can be guar-
anteed because the repeating cycle of L1 block is still a
full tuner bandwidth. In Fig. 39, the numbers in blocks
with tilted lines represent the bit order within a single LD-
PC block.

[0211] Consequently, when bits are written in an inter-
leaving memory in the row direction according to a sym-
bol index as shown in Fig. 72 and read in the column
direction according to a carrier index, a block interleaving
effect can be obtained. In other words, one LDPC block
can be interleaved in the time domain and the frequency
domain and then can be transmitted. Num_L1_sym can
be a predetermined value, for example, a number be-
tween 2~4 can be set as a number of OFDM symbols.
At this point, to increase the granularity of the L1 block
size, a punctured/shortened LDPC code having a mini-
mum length of the codeword can be used for L1 protec-
tion.

[0212] Fig. 40 is an example of an L1 block transmis-
sion. Fig. 40 illustrates Fig. 39 in frame domain. As shown
on the left side of Fig. 40, L1 blocks can be spanning in
full tuner bandwidth or as shown on the right side of Fig.
40, L1 blocks can be partially spanned and the rest of
the carriers can be used for data carrier. In either case,
it can be seen that the repetition rate of L1 block can be
identical to a full tuner bandwidth. In addition, for OFDM
symbols which uses L1 signaling including preamble, on-
ly symbol interleaving can be performed while not allow-
ing data transmission in that OFDM symbols. Conse-
quently, for OFDM symbol used for L1 signaling, a re-
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ceiver can decode L1 by performing deinterleaving with-
out data decoding. At this point, the L1 block can transmit
L1 signaling of current frame or L1 signaling of a subse-
quent frame. At the receiver side, L1 parameters decod-
ed from L1 signaling decoding path shown in Fig. 31 can
be used for decoding process for data path from frame
parser of subsequent frame.

[0213] In summary, at a transmitter, interleaving
blocks of L1 region can be performed by writing blocks
to a memory in a row direction and reading the written
blocks from the memory in a column direction. At a re-
ceiver, deinterleaving blocks of L1 region can be per-
formed by writing blocks to a memory in a column direc-
tion and reading the written blocks from the memory in
a row direction. The reading and writing directions of
transmitter and receiver can be interchanged.

[0214] When simulation is performed with assump-
tions such as CR=1/2 for L1 protection and for T2 com-
monality; 16-QAM symbol mapping; pilot density of 6 in
the Preamble; number of short LDPC implies required
amount of puncturing/shortening are made, results or
conclusions such as only preamble for L1 transmission
may not be sufficient; the number of OFDM symbols de-
pends on the amount of L1 block size; shortest LDPC
codeword (e.g. 192 bits information) among shortened/
punctured code may be used for flexibility and fine gran-
ularity; and Padding may be added if required with neg-
ligible overhead, can be obtained. The result is summa-
rized in Fig. 38.

[0215] Consequently, for a L1 block repetition rate, full
tuner bandwidth with no virtual puncturing can be a good
solution and still no PAPR issue can arise with full spec-
trum efficiency. For L1 signaling, efficient signaling struc-
ture can allow maximum configuration in an environment
of 8 channels bonding, 32 notches, 256 data slices, and
256 PLPs. For L1 block structure, flexible L1 signaling
can be implemented according to L1 block size. Time
interleaving can be performed for better robustness for
T2 commonality. Less overhead can allow data trans-
mission in preamble.

[0216] Blockinterleaving of L1 block can be performed
for better robustness. The interleaving can be performed
with fixed pre-defined number of L1 symbols (num_
L1_sym) and a number of carriers spanned by L1 as a
parameter (L1_span). The same technique is used for
P2 preamble interleaving in DVB-T2.

[0217] L1 block of variable size can be used. Size can
be adaptable to the amount of L1 signaling bits, resulting
in a reduced overhead. Full spectrum efficiency can be
obtained with no PAPR issue. Less than 7.61 MHz rep-
etition can mean thatmore redundancy can be sent but
unused. No PAPR issue can arise because of 7.61 MHz
repetition rate for L1 block.

[0218] Fig.41isanother example of L1 signaling trans-
mitted within a frame header. Fig. 41 is different from Fig.
37 in that the L1_span field having 12 bits it is divided
into two fields. In other words, the L1_span field is divided
into a L1_column having 9 bits and a L1_row having 3
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bits. The L1_column represents the carrier index that L1
spans. Because data slice starts and ends at every 12
carriers, which is the pilot density, the 12 bits of overhead
can be reduced by 3 bits to reach 9 bits.

[0219] L1_row represents the number of OFDM sym-
bols where L1 is spanning when time interleaving is ap-
plied. Consequently, time interleaving can be performed
within an area of L1_columns multiplied by L1_rows. Al-
ternatively, a total size of L1 blocks can be transmitted
such that L1_span shown in Fig. 37 can be used when
time interleaving is not performed. For such a case, L1
block size is 11,776 x 2 bits in the example, thus 15 bits
is enough. Consequently, the L1_span field can be made
up of 15 bits.

[0220] Fig. 42 is an example of frequency or time in-
terleaving/deinterleaving. Fig. 42 shows a part of a whole
transmission frame. Fig. 42 also shows bonding of mul-
tiple 8 MHz bandwidths. A frame can consist of a pream-
ble which transmits L1 blocks and a data symbol which
transmits data. The different kinds of data symbols rep-
resent data slices for different services. As shown in Fig.
42, the preamble transmits L1 blocks for every 7.61 MHz.
[0221] For the preamble, frequency or time interleav-
ing is performed within L1 blocks and not performed be-
tween L1 blocks. That is, for the preamble, it can be said
that interleaving is performed at L1 block level. This al-
lows decoding the L1 blocks by transmitting L1 blocks
within a tuner window bandwidth even when the tuner
window has moved to a random location within a channel
bonding system.

[0222] For decoding data symbol at a random tuner
window bandwidth, interleaving between data slices
should not occur. That is, for data slices, it can be said
that interleaving is performed at data slice level. Conse-
quently, frequency interleaving and time interleaving
should be performed within a data slice. Therefore, a
symbol interleaver 308 in a data path of a BICM module
of transmitter as shown in Fig. 4 can perform symbol
interleaving for each data slice. A symbol interleaver
308-1 in an L1 signal path can perform symbol interleav-
ing for each L1 block.

[0223] A frequency interleaver 403 shown in Fig. 9
needs to perform interleaving on the preamble and data
symbols separately. Specifically, for the preamble, fre-
quency interleaving can be performed for each L1 block
and for data symbol, frequency interleaving can be per-
formed for each data slice. At this point, time interleaving
in data path or L1 signal path may not be performed con-
sidering low latency mode.

[0224] Fig. 43 is a table analyzing overhead of L1 sig-
naling which is transmitted in a FECFRAME header at
the ModCod Header Insert (307) on the data path of the
BICM module as shown in Fig. 37. As seen in Fig. 76,
for short LDPC block (size=16200), a maximum over-
head of 3.3% can occur which may not be negligible. In
the analysis, 45 symbols are assumed for FECFRAME
protection and the preamble is a C2 frame specific L1
signaling and FECFRAME header is FECFRAME spe-



23 EP 2 477 370 A2 24

cific L1 signaling i.e., Mod, Cod, and PLP identifier.
[0225] Toreduce L1 overhead, approaches according
to two Data-slice types can be considered. For
ACM/VCM type and multiple PLP casez, frame can be
kept same as for the FECFRAME header. For ACM/VCM
type and single PLP cases, the PLP identifier can be
removed from the FECFRAME header, resulting in up to
1.8% overhead reduction. For CCM type and multiple
PLP cases, the Mod/Cod field can be removed from the
FECFRAME header, resulting in up to 1.5% overhead
reduction. For CCM type and single PLP cases, no FEC-
FRAME header is required, thus, up to 3.3% of overhead
reduction can be obtained.

[0226] In a shortened L1 signaling, either Mod/Cod (7
bits) or PLP identifier (8 bits) can be transmitted, but it
can be too short to get any coding gain. However, it is
possible not to require synchronization because PLPs
can be aligned with the C2 transmission frame; every
ModCod of each PLP can be known from the preamble;
and a simple calculation can enable synchronization with
the specific FECFRAME.

[0227] Fig. 44 is showing a structure fora FECFRAME
header for minimizing the overhead. In Fig. 44, the blocks
with tilted lines and the FECFRAME Builder represent a
detail block diagram of the ModCod Header Inserting
module 307 on data path of the BICM module as shown
in Fig. 4. The solid blocks represent an example of inner
coding module 303, inner interleaver 304, bit demux 305,
and symbol mapper 306 on the data path of the BICM
module as shown in Fig. 4. At this point, shortened L1
signaling can be performed because CCM does not re-
quire a Mod/Cod field and single PLP does not require a
PLP identifier. On this L1 signal with a reduced number
of bits, the LI signal can be repeated three times in the
preamble and BPSK modulation can be performed, thus,
a very robust signaling is possible. Finally, the ModCod
Header Inserting module 307 can insert the generated
header into each FEC frame. Fig. 51 is showing an ex-
ample of the ModCod extractor r307 on the data path of
BICM demod module shown in Fig. 31.

[0228] As shown in Fig. 51, the FECFRAME header
can be parsed at the parser r301b, then symbols which
transmit identical information in repeated symbols can
be delayed, aligned, and then combined at Rake com-
bining module r302b. Finally, when BPSK demodulation
is performed at module r303b, received L1 signal field
can be restored and this restored L1 signal field can be
sent to the system controller to be used as parameters
fordecoding. Parsed FECFRAME can be sentto the sym-
bol demapper.

[0229] Fig. 45 is showing a bit error rate (BER) per-
formance of the aforementioned L1 protection. It can be
seen that about 4.8 dB of SNR gain is obtained through
a three time repetition. Required SNR is 8.7 dB at BER
=1E-11.

[0230] Fig. 46 is showing examples of transmission
frame and FEC frame structures. The FEC frame struc-
tures shown on the upper right side of Fig. 46 represent
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FECFRAME header inserted by the ModCod Header In-
serting module 307 in Fig. 4. It can be seen that depend-
ing on various combinations of conditions i.e., CCM or
ACM/VCM type and single or multiple PLP, different size
of headers can be inserted. Or, no header can be insert-
ed. Transmission frames formed according to data slice
types and shown on the lower left side of Fig. 46 can be
formed by the Frame header inserting module 401 of the
Frame builder as shown in Fig. 9 and the merger/slicer
208 of the input processor shown in Fig. 2. At this point,
the FECFRAME can be transmitted according to different
types of data slice. Using this method, a maximum of
3.3% of overhead can be reduced. In the upper right side
ofthe Fig. 79, four different types of structures are shown,
butaskilled person in the art would understand that these
are only examples, and any of these types or their com-
binations can be used for the data slice.

[0231] Atthereceiver side, the Frame header remover
r401 of the Frame parser module as shown in Fig. 30
and the ModCod extractor r307 of the BICM demod mod-
ule shown in Fig. 31 can extract a ModCod field param-
eter which is required for decoding. At this point, accord-
ing to the data slice types of transmission frame param-
eters can be extracted. For example, for CCM type, pa-
rameters can be extracted from L1 signaling which is
transmitted in the preamble and for ACM/VCM type, pa-
rameters can be extracted from the FECFRAME header.
[0232] As shown in the upper right side of Fig. 79, the
fecframe structure can be divided into two groups, in
which the first group is the upper three frame structures
with header and the second group is the last frame struc-
ture without header.

[0233] Fig. 47 is showing an example of L1 signaling
which can be transmitted within the preamble by the
Frame header inserting module 401 of the Frame builder
module shown in Fig. 42. This L1 signaling is different
from the previous L1 signaling in that L1 block size can
be transmitted in bits (L1_size, 14 bits); turning on/off
time interleaving on data slice is possible (dslice_time_
intrlv, 1 bit); and by defining data slice type (dslice_type,
1 bit), L1 signaling overhead is reduced. At this point,
when the data slice type is CCM, the Mod/Cod field can
be transmitted within the preamble rather than within the
FECFRAME header (plp_mod (3 bits), plp_fec_type (1
bit), plp_cod (3 bits)).

[0234] At the receiver side, the shortened/punctured
inner decoding module r303-1 of the BICM demod as
shown in Fig. 31 can obtain the first LDPC block, which
has a fixed L1 block size, transmitted within the preamble,
through decoding. The numbers and size of the rest of
the LDPC blocks can also be obtained.

[0235] Time interleaving can be used when multiple
OFDM symbols are needed for L1 transmission or when
there is a time-interleaved data slice. A flexible on/off of
the time interleaving is possible with an interleaving flag.
For preamble time interleaving, a time interleaving flag
(1 bit) and a number of OFDM symbols interleaved (3
bits) may be required, thus, a total of 4 bits can be pro-
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tected by a way similar to a shortened FECFRAME head-
er.

[0236] Fig. 48 is showing an example of L1-pre sign-
aling that can be performed at the ModCod Header In-
serting module 307-1 on the data path of BICM module
shownin Fig. 4. The blocks with tilted lines and Preamble
Builder are examples of the ModCod Header Inserting
module 307-1 on the L1 signaling path of the BICM mod-
ule shown in Fig. 4. The solid blocks are examples of the
Frame header inserting module 401 of the Frame builder
as shown in Fig. 42.

[0237] Also, the solid blocks can be examples of short-
ened/punctured inner coding module 303-1, inner inter-
leaver 304-1, bitdemux 305-1, and symbol mapper 306-1
on L1 signaling path of BICM module shown in Fig. 4.
[0238] As seen in Fig. 48, the L1 signal that is trans-
mitted in the preamble can be protected using shortened/
punctured LDPC encoding. Related parameters can be
inserted into the Header in a form of L1-pre signaling. At
this point, only time interleaving parameters can be trans-
mitted in the Header of the preamble. To ensure more
robustness, a four times repetition can be performed. At
the receiver side, to be able to decode the L1 signal that
is transmitted in tbe preamble, the ModCod extractor
r307-1 on the L1 signaling path of BICM demod as shown
in Fig. 31 needs to use the decoding module shown in
Fig. 18. At this point, because there is a four times rep-
etition unlike the previous decoding FECFRAME header,
a Rake receiving process which synchronizes the four
times repeated symbols and adding the symbols, is re-
quired.

[0239] Fig. 49 shows a structure of L1 the signaling
block that is transmitted from the Frame header inserting
module 401 of the Frame builder module as shown in
Fig. 42. It is showing a case where no time interleaving
is used in a preamble. As shown in Fig. 49, different kind
of LDPC blocks can be transmitted in the order of the
carriers. Once an OFDM symbol is formed and transmit-
ted then a following OFDM symbol is formed and trans-
mitted. For the last OFDM symbol to be transmitted, if
there is any carrier left, that carriers can be used for data
transmission or can be dummy padded. The example in
Fig. 49 shows a preamble that comprises three OFDM
symbol. At a receiver side, for this non-interleaving case,
the symbol deinterleaver r308-1 on the L1 signaling path
of BICM demod as shown in Fig. 31 can be skipped.
[0240] Fig.50shows acase where L1 time interleaving
is performed. As shown in Fig. 50, block interleaving can
be performed in a fashion of forming an OFDM symbol
for identical carrier indices then forming an OFDM sym-
bols for the next carrier indices. As in the case where no
interleaving is performed, if there is any carrier left, that
carriers can be used for data transmission or can be dum-
my padded. At a receiver side, for this non-interleaving
case, the symbol deinterleaver r308-1 on the L1 signaling
path of the BICM demod shown in Fig. 31 can perform
block deinterleaving by reading LDPC blocks in increas-
ing order of numbers of the LDPC blocks.
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[0241] In addition, there can be at least two types of
data slices. Data slice type 1 has dslice_type = 0 in L1
signaling fields. This type of data slice has no XFEC-
Frame header and has its mod/cod values in L1 signaling
fields. Dataslice type 2 has dslice_type = 1in L1 signaling
fields. This type of data slice has XFECFrame header
and has its mod/cod values in XFECFrame header.
[0242] XFECFrame means XFEC(compleX Forward
Error Correction)Frame and mod/cod means modulation
type/coderate.

[0243] At areceiver, a frame parser can form a frame
from demodulated signals. The frame has data symbols
and the data symbols can have a first type of data slice
which has an XFECFrame and an XFECFrame header
and a second type of data slice which has XFECFrame
without XFECFrame header. Also, a receiver can extract
afield for indicating whether to perform time de-interleav-
ing on the preamble symbols or not to perform time de-
interleaving on the preamble symbols, from the L1 of the
preamble symbols.

[0244] At a transmitter, a frame builder can build a
frame. Data symbols of the frame comprise a first type
of data slice which has an XFECFrame and an XFEC-
Frame header and a second type of data slice which has
XFECFrame without XFECFrame header. In addition, a
field for indicating whether to perform time interleaving
on preamble symbols or not to perform time interleaving
on preamble symbols can be inserted in L1 of the pre-
amble symbols.

[0245] Lastly, for shortened/punctured code for the
Frame header inserting module 401 of the Frame builder
shown in Fig. 9, a minimum size of codeword that can
obtain coding gain can be determined and can be trans-
mitted in a first LDPC block. In this manner, for the rest
of LDPC block sizes can be obtained from that transmit-
ted L1 block size.

[0246] Fig. 52 is showing another example of L1-pre
signaling that can be transmitted from ModCod Header
Inserting module 307-1 on L1 signalinig path of BICM
module shown in Fig. 4. Fig. 52 is different from Fig. 48
in that Header part protection mechanism has been mod-
ified. As seenin Fig. 52, L1 block size information L1_size
(14 bits) is not transmitted in L1 block, but transmitted in
Header. In the Header, time interleaving information of
4 bits can be transmitted too. For total of 18 bits of input,
BCH (45, 18) code which outputs 45 bits are used and
copied to the two paths and finally, QPSK mapped. For
the Q-path, 1 bit cyclic shift can be performed for diversity
gain and PRBS modulation according to sync word can
be performed. Total of 45 QPSK symbols can be output
from these I/Q path inputs. At this point, if time interleav-
ing depth is set as a number of preambles that is required
to transmit L1 block, L1_span (3bits) that indicates time
interleaving depth may not need to be transmitted. In
other words, only time interleaving on/off flag (1 bit) can
be transmitted. At a receiver side, by checking only a
number of transmitted preambles, without using
L1_span, time deinterleaving depth can be obtained.
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[0247] Fig. 53 is showing an example of scheduling of
L1 signaling block that is transmitted in preamble. If a
size of L1 information that can be transmitted in a pre-
amble is Nmax, when L1 size is smaller than Nmax, one
preamble can transmit the information. However, when
L1 size is bigger than Nmax, L1 information can be equal-
ly divided such that the divided L1 sub-block is smaller
than Nmax, then the divided L1 sub-block can be trans-
mitted in a preamble. At this point, for a carrier that is not
used because of L1 information being smaller than
Nmax, no data are transmitted.

[0248] Instead, as shown in Fig. 55, power of carriers
where L1 block are transmitted can be boosted up to
maintain a total preamble signal power equal to data sym-
bol power. Power boosting factor can be varied depend-
ingon transmitted L1 size and atransmitter and areceiver
can have a set value of this power boosting factor. For
example, if only a half of total carriers are used, power
boosting factor can be two.

[0249] Fig. 54 is showing an example of L1-pre sign-
aling where power boosting is considered. When com-
pared to Fig. 52, it can be seen that power of QPSK sym-
bol can be boosted and sent to preamble builder.
[0250] Fig. 56 is showing another example of ModCod
extractor r307-1 on L1 signalinig path of BICM demod
module shown in Fig. 31. From input preamble symbol,
L1 signaling FECFRAME can be output into symbol dem-
apper and only header part can be decoded.

[0251] For input header symbol, QPSK demapping
can be performed and Log-Likelihood Ratio (LLR) value
can be obtained. For Q-path, PRBS demodulation ac-
cording to sync word can be performed and a reverse
process of the 1-bit cyclic shift can be performed for res-
toration.

[0252] These aligned two I/Q path values can be com-
bined and SNR gain can be obtained. Output of hard
decision can be input into BCH decoder. The BCH de-
coder can restore 18 bits of L1-pre from the input 45 bits.
[0253] Fig. 57 is showing a counterpart, ModCod ex-
tractor of a receiver. When compared to Fig. 56, power
control can be performed on QPSK demapper input sym-
bols to restore from power level boosted by transmitter
to its original value. At this point, power control can be
performed by considering a number of carriers used for
L1 signaling in a preamble and by taking an inverse of
obtained power boosting factor of a transmitter. The pow-
er boosting factor sets preamble power and data symbol
power identical to each other.

[0254] Fig. 58 is showing an example of L1-pre syn-
chronization that can be performed at ModCod extractor
r307-1 on L1 signaling path of BICM demodulation mod-
ule shown in Fig. 31. This is a synchronizing process to
obtain a start position of Header in a preamble. Input
symbols can be QPSK demapped then for the output Q-
path, an inverse of 1 bit cyclic shift can be performed and
alignment can be performed. Two I/Q paths values can
be multiplied and modulated values by L1-pre signaling
can be demodulated. Thus, output of multiplier can ex-
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press only PRBS which is a sync word. When the output
is correlated with a known sequence PRBS, a correlation
peak at Header can be obtained. Thus, a start position
of Header in a preamble can be obtained. If necessary,
power control which is performed to restore original pow-
erlevel, asin Fig. 57, can be performed on input of QPSK
demapper.

[0255] Fig. 59 is showing another example of L1 block
header field which is sent to the Header Inserting module
307-1 on the L1 signaling path of the BICM module as
shown in Fig. 4. Fig. 59 is different from Fig. 52 in that
L1_span which represents the time interleaving depth is
reduced to 2 bits and reserved bits are increased by 1
bit. A receiver can obtain time interleaving parameter of
L1 block from the transmitted L1_span.

[0256] Fig. 60 is showing processes of equally dividing
a L1 block into as many portions as a number of pream-
bles then inserting a header into each of the divided L1
blocks and then assigning the header inserted L1 blocks
into a preamble. This can be performed when a time in-
terleaving is performed with a number of preambles
where the number of preambles is greater than a mini-
mum number of preambles that is required for transmit-
ting L1 block. This can be performed at the L1 block on
the L1 signaling path of the BICM module as shown in
Fig. 37. The rest of the carriers, after transmitting L1
blocks can have cyclicrepetition patternsinstead of being
zero padded.

[0257] Fig. 61 is showing an example of the Symbol
Demapper r306-1 of the BICM demodulation module as
shown in Fig. 31. For a case where L1 FEC blocks are
repeated as shown in Fig. 60, each starting point of L1
FEC blocks can be aligned, combined at module r301f,
and then QAM demapped at QAM demapper r302f to
obtain diversity gain and SNR gain. At this point, the com-
biner can include processes of aligning and adding each
L1 FEC block and dividing the added L1 FEC block. For
a case where only part of the last FEC block is repeated
as shownin Fig. 60, only the repeated part can be divided
into as many as a number of FEC block header and the
other part can be divided by a value which is one less
than a number of FEC block header. In other words, the
dividing number corresponds to a number of carriers that
is added to each carrier.

[0258] Fig. 65 is showing another example of L1 block
scheduling. Fig. 65 is different from Fig. 60 in that, instead
of performing zero padding or repetition when L1 blocks
do not fill one OFDM symbol, OFDM symbol can be filled
with parity redundancy by performing less puncturing on
shortened/punctured code at the transmitter. In other
words, when parity puncturing module 304c is performed
at Fig. 5, the effective coderate can be determined ac-
cording to the puncturing ratio, thus, by puncturing as
less bits have to be zero padded, the effective coderate
can be lowered and a better coding gain can be obtained.
The Parity depuncturing module r303a of a receiver as
shown in Fig. 32 can perform depuncturing considering
the less punctured parity redundancy. At this point, be-
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cause a receiver and a transmitter can have information
of the total L1 block size, the puncturing ratio can be
calculated.

[0259] Fig. 62 is showing another example of L1 sig-
naling field. Fig. 62 is different from Fig. 41 in that, for a
case where the data slice type is CCM, a start address
(21 bits) of the PLP can be transmitted. This can enable
FECFRAME of each PLP to form a transmission frame,
without the FECFRAME being aligned with a start posi-
tion of a transmission frame. Thus, padding overhead,
which can occur when a data slice width is narrow, can
be eliminated. A receiver, when a data slice type is CCM,
can obtain ModCod information from the preamble at the
L1 signaling path of the BICM demod module as shown
in Fig. 31, instead of obtaining it from FECFRAME head-
er. In addition, even when a zapping occurs at a random
location of transmission frame, FECFRAME synchroni-
zation can be performed without delay because the start
address of PLP can be already obtained from the pre-
amble.

[0260] Fig. 63 is showing another example of L1 sig-
naling fields which can reduce the PLP addressing over-
head.

[0261] Fig. 64 isshowingthe numbers of QAM symbols
that corresponds to a FECFRAME depending on the
modulation types. At this point, a greatest common divi-
sor of QAM symbol is 135, thus, an overhead of log2
(135)=7 bits can be reduced. Thus, Fig. 63 is different
from Fig. 62 in that a number of PLP_start field bits can
be reduced from 21 bits to 14 bits. This is a result of
considering 135 symbols as a single group and address-
ing the group. A receiver can obtain an OFDM carrier
index where the PLP starts in a transmission frame after
obtaining the PLP_start field value and multiplying it by
135.

[0262] Fig. 66 and Fig. 68 show examples of symbol
interleaver 308 which can time interleave data symbols
which are sent from the ModCod Header Inserting mod-
ule 307 on the data path of BICM module as shown in
Fig. 4.

[0263] Fig. 66 is an example of Block interleaver for
time interleaving which can operate on a data-slice basis.
The row value means a number of payload cells in four
of the OFDM symbols within one data-slice. Interleaving
on OFDM symbol basis may not be possible because
the number of cells may change between adjacent OFDM
cells. The column value K means a time interleaving
depth, which can be 1, 2, 4, 8, or 16... Signaling of K for
each data-slice can be performed within the L1 signaling.
Frequency interleaver 403 as shown in Fig. 9 can be
performed prior to time interleaver 308 as shown in Fig. 4.
[0264] Fig. 67 shows an interleaving performance of
the time interleaver as shown in Fig. 66. It is assumed
that a column value is 2, a row value is 8, a data-slice
width is 12 data cells, and that no continual pilots are in
the data-slice. The top figure in Fig. 67 is an OFDM sym-
bol structure when time interleaving is not performed and
the bottom figure is an OFDM symbol structure when

EP 2 477 370 A2

10

15

20

25

30

35

40

45

50

55

16

30

time interleaving is performed. The black cells represent
scattered pilot and the non-black cells represent data
cells. The same kind of data cells represents an OFDM
symbol. In fig. 100, data cells that correspond to a single
OFDM symbol are interleaved into two symbols. An in-
terleaving memory that corresponds to eight OFDM sym-
bols is used but the interleaving depth corresponds to
only two OFDM symbols, thus, full interleaving depth is
not obtained.

[0265] Fig. 68 is suggested for achieving full interleav-
ing depth. In Fig. 68, the black cells represent scattered
pilots and the non-black cells represent data cells. Time
interleaver as shown in Fig. 68 can be implemented in a
form of block interleaver and can interleave data-slices.
In Fig. 68, a number of column, K represents a data-slice
width, a number of row, N represents time interleaving
depth and the value, K can be random values i.e.,
K=1,2,3,.... The interleaving process includes writing da-
ta cell in a column twist fashion and reading in a column
direction, excluding pilot positions. That is, it can be said
that the interleaving is performed in a row-column twisted
fashion.

[0266] In addition, at a transmitter, the cells which are
read in a column twisted fashion of the interleaving mem-
ory correspond to a single OFDM symbol and the pilot
positions of the OFDM symbols can be maintained while
interleaving the cells.

[0267] Also, at a receiver, the cells which are read in
a column twisted fashion of the de-interleaving memory
correspond to a single OFDM symbol and the pilot posi-
tions of the OFDM symbols can be maintained while time
de-interleaving the cells.

[0268] Fig. 69 shows time interleaving performance of
Fig. 68. For comparison with Fig. 66, it is assumed that
a number of row is 8, a data-slice width is 12 data cells,
and that no continual pilots are in the data-slice. In Fig.
69, data cells correspond to a single OFDM symbol are
interleaved into eight OFDM symbols. As shown in Fig.
102, an interleaving memory that corresponds to eight
OFDM symbols is used and the resulting interleaving
depth corresponds to eight OFDM symbols, thus, full in-
terleaving depth is obtained.

[0269] The time interleaver as shown in Fig. 68 can be
advantageous in that full interleaving depth can be ob-
tained using identical memory; interleaving depth can be
flexible, as opposed to Fig. 66; consequently, a length of
transmission frame can be flexible too, i.e., rows need
not be multiples of four. Additionally, the time interleaver
used for data slice, can be identical to the interleaving
method used for the preamble and also can have com-
monality with a digital transmission system which uses
general OFDM. Specifically, the time interleaver 308 as
shown in Fig. 4 can be used before the frequency inter-
leaver 403 as shown in Fig. 9 is used. Regarding a re-
ceiver complexity, no additional memory can be required
other than additional address control logic which can re-
quire very small complexity.

[0270] Fig. 70 shows a corresponding symbol deinter-
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leaver (r308) in a receiver. It can perform deinterleaving
after receiving output from the Frame Header Remover
r401. In the deinterleaving processes, compared to Fig.
66, the writing and reading processes of block interleav-
ing are inverted. By using pilot position information, time
deinterleaver can perform virtual deinterleaving by not
writing to or reading from a pilot position in the interleaver
memory and by writing to or reading from a data cell
position in the interleaver memory. Deinterleaved infor-
mation can be output into the ModCod Extractor r307.
[0271] Fig. 71 shows another example of time inter-
leaving. Writing in diagonal direction and reading row-
by-row can be performed. As in Fig. 68, interleaving is
performed taking into account the pilot positions. Read-
ing and writing is not performed for pilot positions but
interleaving memory is accessed by considering only da-
ta cell positions.

[0272] Fig. 72 shows a result of interleaving using the
method shown in Fig. 71. When compared to Fig. 69,
cells with the same patterns are dispersed not only in
time domain, but also in the frequency domain. In other
words, full interleaving depth can be obtained in both time
and frequency domains.

[0273] Fig. 75 shows a symbol deinterleaver r308 of a
corresponding receiver. The output of Frame Header Re-
mover r401 can be deinterleaved. When compared to
Fig. 66, deinterleaving has switched the order of reading
and writing. Time deinterleaver can use pilot position in-
formation to perform virtual deinterleaving such that no
reading or writing is performed on pilot positions but so
that reading or writing can be performed only on data cell
positions. Deinterleaved data can be outputinto the Mod-
Cod Extractor r307.

[0274] Fig. 73 shows an example of the addressing
method of Fig. 72. NT means time interleaving depth and
ND means data slice width. Itis assumed that a row value,
N is 8, a data-slice width is 12 data cells, and no continual
pilots are in data-slice. Fig. 73 represents a method of
generating addresses for writing data on a time interleav-
ing memory, when a transmitter performs time interleav-
ing. Addressing starts from a first address with Row Ad-
dress (RA) = 0 and Column Address (CA) = 0. At each
occurrence of addressing, RA and CA are incremented.
ForRA, amodulo operation with the OFDM symbols used
in time interleaver can be performed. For CA, a modulo
operation with a number of carriers that corresponds to
a data slice width can be performed. RA can be incre-
mented by 1 when carriers that correspond to a data slice
are written on a memory. Writing on a memory can be
performed only when a current address location is not a
location of a pilot. If the current address location is a
location of a pilot, only the address value can be in-
creased.

[0275] In Fig. 73, a number of column, K represents
the data-slice width, a number of row, N represents the
time interleaving depth and the value, K can be arandom
values i.e., K=1,2,3,.... The interleaving process can in-
clude writing data cells in a column twist fashion and read-
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ing in column direction, excluding pilot positions. In other
words, virtual interleaving memory can include pilot po-
sitions but pilot positions can be excluded in actual inter-
leaving.

[0276] Fig. 76 shows deinterleaving, an inverse proc-
ess of time interleaving as shown in Fig. 71. Writing row-
by-row and reading in diagonal direction can restore cells
in original sequences.

[0277] The addressing method used in a transmitter
can be used in a receiver. Receiver can write received
data on atime deinterleaver memory row-by-row and can
read the written data using generated address values
and pilot location information which can be generated in
a similar manner with that of a transmitter. As an alter-
native manner, generated address values and pilot infor-
mation that were used for writing can be used for reading
row-by-row.

[0278] These methods can be applied in a preamble
that transmits L1. Because each OFDM symbol which
comprises preamble can have pilots in identical loca-
tions, either interleaving referring to address values tak-
ing into account the pilot locations or interleaving refer-
ring to address values without taking into account the
pilot locations can be performed. For the case of referring
to address values without taking into account the pilot
locations, the transmitter stores data in a time interleav-
ing memory each time. For such a case, a size of memory
required to perform interleaving/deinterleaving pream-
bles at a receiver or a transmitter becomes identical to a
number of payload cells existing in the OFDM symbols
used for time interleaving.

[0279] Fig. 74 is another example of L1 time interleav-
ing. In this example, time interleaving can place carriers
to all OFDM symbols while the carriers would all be lo-
cated in a single OFDM symbol if no time interleaving
was performed. For example, for data located in a first
OFDM symbol, the first carrier of the first OFDM symbol
will be located in its original location. The second carrier
of the first OFDM symbol will be located in a second car-
rier index of the second OFDM symbol. In other words,
i-th data carrier that is located in n-th OFDM symbol will
be located in an i-th carrier index of (i+n) mod N th OFDM
symbol, where i =0, 1, 2... number of carrier-1,n =0, 1,
2...,N-1, and N is a number of OFDM symbols used in
L1 time interleaving. In this L1 time interleaving method,
it can be said that interleaving for all the OFDM symbols
are performed a twisted fashion as shown in Fig. 107.
Even though pilot positions are not illustrated in Fig. 107,
as mentioned above, interleaving can be applied to all
the OFDM symbols including pilot symbols. Thatis, it can
be said that interleaving can be performed for all the
OFDM symbols without considering pilot positions or re-
gardless of whether the OFDM symbols are pilot symbols
or not.

[0280] If a size of a LDPC block used in L1 is smaller
than a size of a single OFDM symbol, the remaining car-
riers can have copies of parts of the LDPC block or can
be zero padded. At this point, a same time interleaving
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as above can be performed. Similarly, in Fig. 74, a re-
ceiver can perform deinterleaving by storing all the blocks
used in L1 time interleaving in a memory and by reading
the blocks in the order in which they have been inter-
leaved, i.e., in order of numbers written in blocks shown
in Fig. 74.

[0281] When a block interleaver as shown in Fig. 73
is used, two buffers are used. Specifically, while one buff-
er is storing input symbols, previously input symbols can
be read from the other buffer. Once these processes are
performed for one symbol interleaving block, deinterleav-
ing can be performed by switching order of reading and
writing, to avoid memory access conflict. This "ping-
pong" style deinterleaving can have a simple address
generation logic. However, hardware complexity can be
increased when using two symbol interleaving buffers.
[0282] Fig. 77 shows an example of a symbol deinter-
leaver r308 or r308-1 as shown in Fig. 31. This proposed
embodiment of the invention can use only a single buffer
to perform deinterleaving. Once an address value is gen-
erated by the address generation logic, the address value
can be output from the buffer memory and in-placement
operation can be performed by storing a symbol that is
inputintothe same address. By these processes, amem-
ory access conflict can be avoided while reading and
writing. In addition, symbol deinterleaving can be per-
formed using only a single buffer. Parameters can be
defined to explain this address generation rule. As shown
in Fig. 73, a number of rows of a deinterleaving memory
can be defined as time interleaving depth, D and a
number of columns of the deinterleaving memory can be
defined as data slice width, W. Then the address gener-
ator can generate the following addresses.

i-th sample on j-th block, including pilot
i=0,1,2,...,N-1;
N=D*VV,'

Ci,j=i mod w;
Tw=((Ci, j mod D)%) mod D;
Ri,j=((i div W)+Tw) mod D;

Li,j(1)=Ri,j*W+Cij;
Or
Li,j(2)=Ci,j*D+Rij;

[0283] The addresses include pilot positions, thus, in-
put symbols are assumed to include pilot positions. If
input symbols that include only data symbols need to be
processed, additional control logic which skips the cor-
responding addresses can be required. At this point, i
represents an input symbol index, j represents an input
interleaving block index, and N=D*W represents an in-
terleaving block length. Mod operation represents mod-
ulo operation which outputs remainder after division. Div
operation represents division operation which outputs
quotient after division. Ri,jand Ci,j represent row address
and column address of i-th symbol input of j-th interleav-
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ing block, respectively. Tw represents column twisting
value for addresses where symbols are located. In other
words, each column can be considered as a buffer where
independent twisting is performed according to Tw val-
ues. Li,j represents an address when single buffer is im-
plemented in an one dimension sequential memory, not
in two dimension. Li,j can have values from 0 to (N-1).
Two different methods are possible. Li,j(1) is used when
the memory matrix is connected row-by-row and Li,j(2)
is used when the memory matrix is connected in column-
by-column.

[0284] Fig. 78 shows an example of row and column
addresses for time deinterleaving when D is 8 and W is
12. J starts from j=0 and for each j value, a first row can
represent the row address and a second row can repre-
sent the column address. Fig. 78 shows only addresses
of the first 24 symbols. Each column index can be iden-
tical to the input symbol index i.

[0285] Fig. 80 shows an example of an OFDM trans-
mitter using a data slice. As shown in Fig. 80, the trans-
mitter can comprise a data PLP path, an L1 signaling
path, a frame builder, and an OFDM modulation part.
The data PLP path is indicated by blocks with horizontal
lines and vertical lines. The L1 signaling path is indicated
by blocks with tilted lines. Input processing modules
701-0, 701-N, 701-K, and 701-M can comprise blocks
and sequences of input interface module 202-1, input
stream synchronizer 203-1, delay compensator 204-1,
null packet deleting module 205-1, CRC encoder 206-1,
BB header inserting module 207-1, and BB scrambler
209 performed for each PLP as shown in Fig. 2. FEC
modules 702-0, 702-N, 702-K, and 702-M can comprise
blocks and sequences of outer coding module 301 and
inner coding module 303 as shown in Fig. 4. An FEC
module 702-L1 used on the L1 path can comprise blocks
and sequences of outer coding module 301-1 and short-
ened/punctured inner coding module 303-1 as shown in
Fig. 4. L1 signal module 700-L1 can generate L1 infor-
mation required to comprise a frame.

[0286] Bit interleaving modules 703-0, 703-N, 703-K,
and 703-M can comprise blocks and sequences of inner
interleaver 304 and bit demux 305 as shown in Fig. 37.
Bit interleaving module 703-L1 used on the L1 path can
comprise blocks and sequences of inner interleaving
module 304-1 and bit demux 305-1 as shown in Fig. 4.
Symbol mapper modules 704-0, 704-N, 704-K, and 704-
M can perform functions identical with the functions of
the symbol mapper 306 shown in Fig. 4. The symbol map-
per module 704-L1 used on L1 path can perform func-
tions identical with the functions of the symbol mapper
306-1 shown in Fig. 4. FEC header modules 705-0, 705-
N, 705-K, and 705-M can perform functions identical with
the functions of the ModCod Header inserting module
307 shown in Fig. 4. FEC header module 705-L1 for the
L1 path can perform functions identical with the functions
of the ModCod Header inserting module 307-1 shown in
Fig. 4.

[0287] Data slice mapper modules 706-0 and 706-K
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can schedule FEC blocks to corresponding data slices
and can transmit the scheduled FEC blocks, where the
FEC blocks correspond to PLPs that are assigned to each
data slice. Preamble mapper 707-L1 can schedule L1
signaling FEC blocks to preambles. L1 signaling FEC
blocks are transmitted in preambles. Time interleaver
modules 708-0 and 708-K can perform functions identical
with the functions of the symbol interleaver 308 shown
in Fig. 4 which caninterleave dataslices. Time interleaver
708-L1 used on L1 path can perform functions identical
with the functions of the symbol interleaver 308-1 shown
in Fig. 4.

[0288] Alternatively, time interleaver 708-L1 used on
L1 path can perform identical functions with symbol in-
terleaver 308-1 shown in Fig. 3, but only on preamble
symbols.

[0289] Frequency interleaver blocks 709-0 and 709-K
can perform frequency interleaving on data slices. Fre-
quency interleaver 709-L1 used on L1 path can perform
frequency interleaving according to preamble bandwidth.
[0290] Pilotgenerating module 710 can generate pilots
that are suitable for continuous pilot (CP), scattered pilot
(SP), data slice edge, and preamble. A frame can be built
from scheduling the data slice, preamble, and pilot at
module 711. The IFFT module 712 and Gl inserting mod-
ule 713 can perform functions identical with the functions
of the IFFT module 501 and the Gl inserting module 503
blocks shown in Fig. 18, respectively. Lastly, DAC 714
can convert digital signals into analog signals and the
converted signals can be transmitted.

[0291] Fig. 81 shows an example of an OFDM receiver
which uses data slice. In Fig. 81, tuner r700 can perform
the functions of the tuner/AGC r603 and the functions of
the down converter r602 shown in Fig. 61. ADC r701 can
convertreceived analog signals into digital signals. Time/
freq synchronizer r702 can perform functions identical
with the functions of the time/freq synchronizer r505
shown in Fig. 62. Frame detector r703 can perform func-
tions identical with the functions of the frame detector
r506 shown in Fig. 62.

[0292] At this point, after time/frequency synchroniza-
tion are performed, synchronization can be improved by
using preamble in each frame that is sent from frame
detector r703 during tracking process.

[0293] Gl removerr704 and FFT module r705 can per-
form functions identical with the functions of the Gl re-
mover r503 and the FFT module r502 shown in Fig. 62,
respectively.

[0294] Channel estimator r706 and channel EQ r707
can perform a channel estimation part and a channel
equalization part of the channel Est/Eq r501 as shown in
Fig. 62. Frame parser r708 can output a data slice and
preamble where services selected by a user are trans-
mitted. Blocks indicated by tilted lines process a pream-
ble. Blocks indicated by horizontal lines which can in-
clude common PLP, process data slices. Frequency
deinterleaver r709-L1 used on the L1 path can perform
frequency deinterleaving within the preamble bandwidth.
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Frequency deinterleaver r709 used on the data slice path
can perform frequency deinterleaving within data slice.
FEC header decoding module r712-L1, time deinterleav-
er r710-L1, and symbol demapper r713-L1 used on the
L1 path can perform functions identical with the functions
of the ModCod extractor r307-1, symbol deinterleaver
r308-1, and symbol demapper r306-1 shown in Fig. 31.
[0295] Bit deinterleaver r714-L1 can comprise mod-
ules and sequences of bit demux r305-1 and inner dein-
terleaverr304-1 as shownin Fig. 31. FEC decoding mod-
ule r715-L1 can comprise modules and sequences of
shortened/punctured inner coding module r303-1 and
outer decoding module r301-1 shown in Fig. 31. At this
point, the output of the L1 path can be L1 signaling infor-
mation and can be sentto a system controller for restoring
PLP data that are transmitted in data slices.

[0296] Time deinterleaver r710 used on the data slice
path can perform functions identical with the functions of
the symbol deinterleaver r308 shown in Fig. 31. Data
slice parser r711 can output user selected PLP from the
data slices and, if necessary, common PLP associated
with the user selected PLP. FEC header decoding mod-
ule r712-C and r712-K can perform functions identical
with the functions of the ModCod extractor r307 shown
in Fig. 31. Symbol demapper r713-C and r713-K can per-
form functions identical with the functions of the symbol
demapper r306 shown in Fig. 31.

[0297] Bit deinterleaver r714-C and r714-K can com-
prise blocks and sequences of bit demux r305 and inner
deinterleaver r304 as shown in Fig. 31. FEC decoding
module r715-C and r715-K can comprise blocks and se-
quences of inner decoding module r303 and outer de-
coding module r301 as shown in Fig. 31. Lastly, output
processor r716-C and r716-K can comprise blocks and
sequences of BB descrambler r209, BB header remover
r207-1, CRC decoder r206-1, null packet inserting mod-
ule r205-1, delay recover r204-1, output clock recovering
module r203-1, and outputinterface module r202-1 which
are performed for each PLP in Fig. 2. If a common PLP
is used, the common PLP and data PLP associated with
the common PLP can be transmitted to a TS recombiner
and can be transformed into a user selected PLP.
[0298] It should be noted from Fig. 81, thatin a receiv-
er, the blocks on the L1 path are not symmetrically se-
quenced to a transmitter as opposed to the data path
where the blocks are symmetrically positioned or in op-
posite sequence of a transmitter. In other words, for the
data path, Frequency deinterleaver r709, Time deinter-
leaver r710, Data slice parser r711, and FEC header de-
coding module r712-C and r712-K are positioned. How-
ever, for the L1 path, Frequency deinterleaver r709-L1,
FEC header decoding module r712-L1, and time dein-
terleaver r710-Llare positioned.

[0299] Fig. 79 shows an example of general block in-
terleaving in a data symbol domain where pilots are not
used. As seen from the left figure, interleaving memory
can be filled without black pilots. To form a rectangular
memory, padding cells can be used if necessary. In the
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left figure, padding cells are indicated as cells with tilted
lines. In the example, because one continual pilot can
overlap with one kind of scattered pilot pattern, a total of
three padding cells are required during four of OFDM
symbol duration. Finally, n the middle figure, interleaved
memory contents are shown.

[0300] Asin the leftfigure of Fig. 79, either writing row-
by-row and performing column twisting; or writing in a
twisted fashion from the beginning, can be performed.
Output of the interleaver can comprise reading row-by-
row from memory. The output data that has been read
can be placed as shown in the right figure when OFDM
transmission is considered. At this time, for simplicity,
frequency interleaving can be ignored. As seen in the
figure, frequency diversity is not as high as that of Fig.
73, but is maintained at a similar level. Most of all, it can
be advantageous in that the memory required to perform
interleaving and deinterleaving can be optimized. In the
example, memory size can be reduced from W * D to (W-
1) * D. As the data slice width becomes bigger, the mem-
ory size can be further reduced.

[0301] Fortime deinterleaver inputs, a receiver should
restore memory buffer contents in a form of the middle
figure while considering padding cells. Basically, OFDM
symbols can be read symbol-by-symbol and can be
saved row-by-row. De-twisting corresponding to column
twisting can then be performed. The output of the dein-
terleaver can be output in a form of reading row-by-row
from the memory of the left figure. In this fashion, when
compared to the method shown in Fig. 73, pilot overhead
can be minimized, and consequently interleaving/dein-
terleaving memory can be minimized.

[0302] Fig. 82 shows an example of a time interleaver
708-L1 for L1 path of Fig. 80. As shown in the Fig. 82,
time interleaving for the preamble where L1 is transmit-
ted, can include interleaving L1 data cells, excluding pi-
lots that are usually transmitted in the preamble. The in-
terleaving method can include writing input data in a di-
agonal direction (solid lines) and reading the data row-
by-row (dotted lines), using identical to methods which
are shown in reference to Fig. 73.

[0303] Fig. 82 shows anexample of atime deinterleav-
err712-L1 on the L1 path as shown in Fig. 81. As shown
in Fig. 82, for a preamble where L1 is transmitted, dein-
terleaving L1 data cell can be performed, excluding the
pilots that are regularly transmitted in the preamble. The
deinterleaving method can be identical to the method as
shown in Fig. 76 where input data are written row-by-row
(solidlines) and read ina diagonal direction (dotted lines).
The input data does not include any pilot, consequently,
the output data has L1 data cells that do not include pilot
either. When a receiver uses a single buffer in a time
deinterleaver for the preamble, the address generator
structure that has a deinterleaver memory as shown in
Fig. 77 can be used.

[0304] Deinterleavingr712-L1 can be performed using
address operations as follows:
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i-th sample on j-th block, including pilot
i=0,1,2,...,N1;
N=D*VV,'

Cij=i mod W;
Tw=((Ci,j mod D)*j) mod D;
Ri,j=((i div W)+Tw) mod D;

Li,j(1)=Ri,j*W+Ci,j;
Or
Li,j(2) =Cij*D+Rij;

[0305] In the above operations, a length of a row, W
is a length of a row of an interleaving memory as shown
in Fig. 82. Column length, D is a preamble time interleav-
ing depth, which is a number of OFDM symbols that are
required for transmitting preambles.

[0306] Fig. 83 shows an example of forming OFDM
symbols by scheduling pilots and input preambles from
the frame builder 711 as shown in Fig. 80. Blank cells
form a L1 header which is an output signal of the FEC
header 705-L1 on the L1 path, as shown in Fig. 80. Grey
cells represent continual pilots for the preamble which
are generated by the pilot generating module 710 as
shown in Fig. 80. Cells with patterns represent the L1
signaling cells which are an output signal of the preamble
mapper 707-L1 as shown in Fig. 80. The left figure rep-
resents OFDM symbols when time interleaving is off and
the right figure represents OFDM symbols when time in-
terleaving is on. L1 header can be excluded from time
interleaving because L1 header transmits a L1 signaling
field length and a time interleaving on/off flag information.
It is because the L1 header is added before time inter-
leaving. As aforementioned, time interleaving is per-
formed excluding pilot cells. The remaining of L1 data
cells can be interleaved as shown in Fig. 82, then can be
assigned to OFDM subcarriers.

[0307] Fig. 84 shows an example of a Time Interleav-
ers 708-0 ~ 708-K that can interleave data symbols that
are sent from Data Slice Mappers 706-0 ~ 706-K on data
path of an OFDM transmitter using data slice shown in
Fig. 80. Time interleaving can be performed for each data
slice. Time interleaved symbols can be output into Fre-
quency Interleavers 709-0 ~ 709-K.

[0308] Fig. 84 also shows an example of a simple time
interleaver using a single buffer. Fig. 84a shows a struc-
ture of OFDM symbols before Time interleaving. Blocks
with same patterns represent same kind of OFDM sym-
bols. Figs. 84b and 84c show a structure of OFDM sym-
bols after Time interleaving. Time interleaving method
can be divided into Type 1 and Type 2. Each type can
be performed alternatively for even symbols and odd
symbols. A receiver can perform deinterleaving accord-
ingly. One of reasons of alternatively using type 1 and
type 2 is to reduce memory required at a receiver by
using a single buffer during time deinterleaving.

[0309] Fig. 84b shows a time interleaving using inter-
leavintg type 1. Input symbols can be written in downward



39 EP 2 477 370 A2

diagonal direction and can be read in a row direction. Fig.
84c shows a time interleaving using interleavintg type 2.
Input symbols can be written in upward diagonal direction
and can be read in a row direction. The difference be-
tween type 1 and type 2 is whether a direction of writing
input symbol is upward or downward. The two methods
are different in a manner of writing symbols, however the
two methods are identical in terms of exhibiting full time
interleaving depth and full frequency diversity. However,
using these methods can cause a problem during syn-
chronization at a receiver because of using two interleav-
ing schemes.

[0310] There can be two possible solutions. First so-
lution can be signaling 1 bit of an interleaving type of a
first interleaver block that comes first after each pream-
ble, through L1 signaling of preamble. This method is
performing a correct interleaving through signaling. Sec-
ond solution can be forming a frame to have a length of
an even number of interleaving blocks. Using this meth-
od, a first interleaving block of each frame can have an
identical type, thus, interleaving block synchronization
problem can be resolved. For example, synchronization
issue can be resolved by applying type 1 interleaving to
afirstinterleaving block and sequentially applying to next
interleaving blocks within each frame, then ending a last
interleaving block of each frame with type2 interleaving.
This method requires a frame to be composed of two
interleaving blocks but can be advantageous in that no
additional signaling is required as in the first method.
[0311] Fig. 89 shows a structure of a Time deinterleav-
err710 of areceiver shown in Fig. 81. Time De-interleav-
ing can be performed on outputs of Frequency deinter-
leaver r709. Time de-interleaver of Fig. 89 represents a
de-interleaving scheme which is an inverse process of a
time interleaving shown in Fig. 84. The de-interleaving,
compared to Fig. 84, will have an opposite manner in
reading and writing. In other words, type 1 deinterleaver
can write input symbols in a row direction and can read
the written symbols in downward diagonal direction. Type
2 deinterleaver can write input symbols in downward di-
agonal direction and can read the written symbols in a
row direction. These methods can enable writing re-
ceived symbols where symbols are previously read by
making a direction of writing symbols of type 2 deinter-
leaver identical to a direction of reading symbols of type
1 deinterleaver. Thus, a receiver can perform deinter-
leaving using a single buffer. In addition, a simple imple-
mentation can be realized because of deinterleaving
methods of type 1 and type 2 are performed by either
writing and reading symbols in a diagonal direction or in
a row direction.

[0312] However, using these methods can cause a
problemin synchronization atareceiver because of using
two interleaving schemes. For example, de-interleaving
type 1 interleaved symbols in a type2 manner can cause
deterioration in performance. There can be two possible
solutions. First solution can be determining a type of an
interleaving block that comes after a preamble, using 1

10

15

20

25

30

35

40

45

50

55

21

40

bit of an interleaving type of a transmitted L1 signaling
part. Second solution can be performing deinterleaving
using a type according to a first interleaving block within
a frame, if a number of interleaving blocks within a frame
is even number. De-interleaved symbol can be output
into Data Slice Parser r711.

[0313] Fig. 85 shows an address generation logic that
is identical with an address generation logic of a single
buffer, when a block interleaver uses two memory buffers
as in Fig. 73. The address generation logic can perform
identical functions as functions shown in Fig. 73. By de-
fining a time interleaving depth D as a number of rows
of a deinterleaving memory and defining a data slice
width W as a number of column, addresses shown in the
Fig. 85 can be generated by an address generator. The
addresses can include pilot positions. To time interleave
input symbols that include only data symbols, a control
logic that can skip addresses may be required. Address-
es used in interleaving preambles may not require pilot
positions and interleaving can be performed using L1
blocks. The i represents an index of an input symbol,
N=D*W represents an interleaving block length. Ri and
Ci represent a row address and a column address of an
i-th input symbol, respectively. Tw represents a column
twisting value or twisting parameter from an address
where a symbolis located. Lirepresents addresses when
one dimensional memory having a single buffer is imple-
mented. Values of Li can be from 0 to (N-1). In this one
dimensional memory, at least two methods are possible.
Li(1) is coupling a memory matrix row-by-row and Li(2)
is coupling a memory matrix column-by-column. A re-
ceiver can use the address generation logic in reading
symbols during a de-interleaving.

[0314] Fig. 86 shows another example of a preamble.
For a case when an OFDM symbol having a size of 4K-
FFT is used in 7.61MHz bandwidth and a sixth carrier
within a OFDM symbol and carriers at both ends are used
as pilots, a number of carriers that can be used in L1
signaling can be assumed to be 2840. When multiple
channels are bonded, multiple preamble bandwidths can
exist. The number of carriers can change depending on
a type of pilots to be used, an FFT size, a number of
bonded channels, and others factors. If a size of an
L1_XFEC_FRAME that includes L1_header (H) that is
to be assigned to a single OFDM symbol and L1 FEC
block (L1_FEC1) is smaller than a single OFDM symbol
(5w-a-1), L1_XFEC_FRAME including L1_header can
be repeated to fill a remaining part of the single OFDM
symbol (5w-a-2). This is similar to preamble structure of
Fig. 60. For a receiver to receive a data slice that is lo-
cated in a certain bandwidth of bonded channels, a tuner
window of the receiver can be located in a certain band-
width.

[0315] If atuner window of a receiver is located as 5w-
a-3 of Fig. 86, an incorrect result can occur during merg-
ing repeated L1_XFEC_FRAMEs. Case 1 of Fig. 86 can
be such an example. A receiver finds L1_Header (H) to
locate a start position of a L1_Header (H) within a tuner
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window, but the found L1_Header can be a header of a
incomplete L1_XFEC_FRAME (5w-a-4). L1 signaling in-
formation may not be obtained correctly if a length of
L1_XFEC_FRAME is obtained based on that L1_Header
and a rest of part (5w-a-5) is added to a start position of
that L1_Header. To prevent such a case, a receiver may
need additional operations to find a header of a complete
L1_XFEC_FRAME. Fig. 87 shows such operations. In
the example, to find a header of a complete L1_XFEC_
FRAME, if an incomplete L1_XFEC_FRAEM exists in a
preamble, a receiver can use at least two L1_Headers
to find a start location of L1_Header for merging
L1_XFEC_FRAME. First, a receiver can find L1_Header
from a preamble OFDM symbol (5w-b-1). Then using a
length of an L1_XFEC_FRAME within the found
L1_Header, the receiver can check if every L1_XFEC_
FRAME within a current OFDM symbol is a complete
block (5w-b-2). If it's not, the receiver can find another
L1_Header from current preamble symbol (5w-b-3).
From a calculated distance between a newly found
L1_Header and a previous L1_Header, whether a certain
L1_XFEC_FRAME is a complete block can be deter-
mined (5w-b-4). Then, an L1_Header of a complete
L1_XFEC_FRAME can be used as a stating point for
merging. Using the stating point, L1_XFEC_FRAME can
be merged (5w-b-5). Using these processes, case 2 or
correct merging shown in Fig. 86 can be expected at a
receiver. These processes can be performed at FEC
Header Decoder r712-L1 on L1 signal path of Fig. 81.
[0316] Fig. 88 is an example of a preamble structure
that can eliminate the aforementioned additional opera-
tions at a receiver. As opposed to the previous preamble
structure, when a remaining part of an OFDM symbol is
filled, only L1_FEC1 of an L1_XFEC_FRAME, excluding
L1_Header(H) can be repeatedly filled (5w-c-2). In this
way, when areceiverfinds a start position ofa L1_Header
(H) to merge L1_XFEC_FRAME, L1_Header of only
complete L1_XFEC_FRAME can be found (5w-c-4),
thus, without additional operations, L1_XFEC_FRAME
can be merged using the found L1_Header. Therefore,
processes such as (5w-b-2), (5w-b-3), and (5w-b-4)
shown in Fig. 87 can be eliminated at a receiver. These
processes and counterpart processes of the processes
can be performed at FEC Header Decoder 712-L1 on L1
signal path of a receiver of Fig. 81 and at FEC Header
705-L1 on L1 signal path of a transmitter of Fig. 80.
[0317] Time deinterleaver r712-L1 on L1 path of a re-
ceiver of Fig. 81 can de-interleave L1 block cells or cells
with patterns, excluding other cells such as preamble
header and pilot cells. L1 block cells are represented by
cells with patterns as shown in Fig. 83. Fig. 90 shows
another example of an OFDM transmitter that uses data
slices. This transmitter can have identical structure and
can perform identical function with the transmitter of Fig.
80, except the added and modified blocks. The preamble
mapper 1007-L1 can map L1 blocks and L1 block head-
ers which are outputs from FEC header 705-L1 into pre-
amble symbols used in a transmission frame. Specifical-
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ly, L1 block header can be repeated for each preamble
and the L1 block can be divided as many as a number
of used preambles. Time interleaver 1008-L1 can inter-
leave L1 blocks that are divided into preambles. At this
point, L1 block header can be either included in interleav-
ing or not included in interleaving. Whether the L1 block
header is included or not may not change a signal struc-
ture of an L1 block header but it can change an order of
interleaving and transmitting L1 blocks. L1_XFEC re-
peater 1015-L1 canrepeatthe timeinterleaved L1_XFEC
blocks within a preamble bandwidth. At this point, the L1
block header can be either repeated within a preamble
or not repeated within a preamble.

[0318] Fig. 91 shows another example of an OFDM
receiver using data slices. This receiver has identical
structure and can perform identical function with the re-
ceiver of Fig. 81, except the added and modified blocks.
FEC header decoding module r1012-L1 can synchronize
L1 headers within a preamble. If L1 headers are repeat-
ed, L1 headers can be combined to obtain an SNR gain.
Then, FEC header decoding module r712-L1 of Fig. 81
can performan FEC decoding. The synchronization proc-
ess can give a location of a header by correlating sync
word of a header and preambles. For frequency offsets
of multiple of an integer, a correlation range can be de-
termined from circular addressing.

[0319] L1_XFEC combining module r1017-L1 can
combine L1_XFEC blocks to obtain an SRN gain, when
divided L1 blocks are received within a preamble. Time
deinterleaver r1010-L1 can time de-interleave L1 blocks
within a preamble. Depending on whether L1 block head-
ers are time interleaved at a transmitter or not, L1 block
headers can be de-interleaved at a receiver accordingly.
A deinterleaving order of L1 blocks can be changed de-
pending on whether L1 block headers are time inter-
leaved at a transmitter or not. For example, when time
interleaving is ON as in Fig. 83, a location of the number
33 cell whichiis afirst L1 block cell within a first preamble,
can change. In other words, when L1 block headers are
not included in an interleaving, interleaved signal having
the locations of cells as shown in Fig. 83 will be received.
If L1 block headers are included in an interleaving, a lo-
cation of the number 33 cell needs to be changed to de-
interleave cells that are interleaved diagonally, using a
first cell of a first L1 block header within a first preamble
as a reference. L1_FEC merger r1018-L1 can merge L1
blocks that are divided into many preambles into a single
L1 block for FEC decoding.

[0320] With an additional 1 bit, PLP_type field of L1
signaling fields that are transmitted in a preamble can
have following values.

PLP_type = 00 (common PLP)

PLP_type = 01 (normal data PLP)

PLP_type = 10 (de-multiplexed data PLP)

PLP_type = 11 (reserved)

[0321] Anormaldata PLP represents adata PLP when
a single service is transmitted in a single data slice. A
de-multiplexed data PLP represents a data PLP when a
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single service is de-multiplexed into multiple data slices.
When a user changes service, if L1 signaling and L2 sig-
naling are stored at a receiver, waiting for an L1 signaling
information within a next frame can be eliminated. There-
fore, areceiver can change services efficiently and a user
can have benefit of less delay during a service change.
Fig. 95 shows signal structures of L1 block that is trans-
mitted in a preamble, for time interleaving flow and time
de-interleaving flow. As seen in Fig. 95, interleaving and
deinterleaving can be performed not on a whole pream-
ble bandwidth, but on a divided L1 block.

[0322] Fig. 96 is an example of an L1 time interleaving
field of signaling fields of L1, processed by FEC header
705-L1 on L1 path shown in Fig. 90. As shown in Fig. 96,
one bit or two bits can be used for time interleaving pa-
rameter. If one bit is used, interleaving is not performed
when bit value is 0 and interleaving having depth of
OFDM symbols used in preamble symbols can be per-
formed when bit value is 1. If two bits are used, interleav-
ing with interleaving depth of 0 or no interleaving is per-
formed when bitvalue is 00 and interleaving having depth
of OFDM symbols used in preamble symbols can be per-
formed when bit value is 01. Interleaving having depth
of four OFDM symbols can be performed when bit value
is 10. Interleaving having depth of eight OFDM symbols
can be performed when bit value is 11.

[0323] A receiver, specifically, FEC header decoder
r1012-L1 on L1 path shown in Fig. 91 can extract Time
Interleaving (T1) parameters shown in Fig. 96. Using the
parameters, Time de-interleaver r1010-L1 can perform
de-interleaving according to interleaving depth. Param-
eters that are transmitted in L1 header are L1 information
size (15bits), time interleaving parameter (maximum 2
bits), and CRC (max 2 bits). If Reed-Muller code RM (16,
32) is used for encoding L1 header signaling field, be-
cause bits that can be transmitted are 16 bits, not enough
number of bits exist. Fig. 97 shows an example of L1
signaling field that can be used for such a case.

[0324] Fig. 97 shows a processing performed at FEC
header 705-L1 on L1 path of Fig. 90. In Fig. 97a, L1( ) in
the signaling fields column represents L1 size and T1( )
represents size for time interleaving parameters. For the
first case or when L1 size (15 bits) and TI(1 bit) are trans-
mitted, additional padding may not be necessary and
substantial decoding performance of L1 header can be
obtained, however, because information whether to per-
form a time interleaving or not is transmitted, for a short
L1 block, interleaving effect cannot be obtained.

[0325] Forthe second case orwhen L1 size is reduced
to 1/8 of original size, transmitting information with num-
bers of bits such as L1(12 bits), TI(2 bits), and CRC(2
bits) becomes possible. Thus, for the second case, best
L1 decoding performance and time interleaving effect
can be expected. However, the second case requires
additional padding process to make L1 size a multiple of
eight if L1 size is not a multiple of eight. Fig. 97b repre-
sents padding method that can be performed at L1 signal
700-L1 of Fig. 90. It shows that padding is located after

EP 2 477 370 A2

10

15

20

25

30

35

40

45

50

55

23

44

L1 block and covered with CRC encoding. Consequently,
at a receiver, FEC decode BCH/LDPC r715-L1 on L1
path of Fig. 91 can perform FEC decoding, then if there
is no error when CRC field is checked, bit parsing ac-
cording to L1 signaling field can be performed, then a
process defining rest of bits as padding or CRC32 and
excluding the rest of bits from parameters is required.
[0326] For the third case or when L1 size is expressed
as a number of QAM mapped cells, not a number of bits,
number of bits can be reduced. For the fourth case, L1
size is expressed not as a size of a whole L1 block, but
asan L1 size per each OFDM symbol. Thus, for areceiver
to obtain a size of a whole L1 block, multiplying size of
L1 block in a single OFDM symbol by a number of OFDM
symbols used in preamble needs to be performed. In this
case, actual L1 size needs to exclude padding.

[0327] For the fifth case, by expressing L1 block not
as a number of bits but as a number of QAM mapped
cells, more reduction in bits is possible. For the third
through fifth cases, Tl, CRC parameters, and a number
of necessary padding bits are shown. For a case where
L1 block size is expressed as a number of cells, for a
receiver to obtain L1 size in bits, the receiver needs to
multiply a number of bits where only cells are transmitted
by a received L1 size. In addition, a number of padding
bits needs to be excluded.

[0328] The last case shows an increased total number
of bits to 32 bits by using two RM code blocks in header.
A total CRC fields become four bits because each RM
code block needs two bits of CRC field. A receiver or
FEC header decoder r1012-L1 on L1 path of Fig. 91,
needs to obtain necessary parameters by performing
FEC decoding on a total of two FEC blocks. Using the
obtained parameters, a receiver, specifically time dein-
terleaver r1010-L1 on L1 path of Fig. 91, can determine
whether to perform de-interleaving or not and can obtain
a de-interleaving depth, if de-interleaving is determined
to be performed. In addition, FEC decode BCH/LDPC
r715-L1 can obtain LDPC block length required to per-
form FEC decoding and shortening/puncturing parame-
ters. Unnecessary padding fields required to send L1 sig-
nal to a system controller can be removed.

[0329] Fig. 92 shows an example of a data slice Time
Interleaving (TI1). The TI process assumes all pilot posi-
tions are known. The Tl can output only data cells, ex-
cluding pilots. Knowing pilot positions enables correct
number of output cells for each OFDM symbol. Also, TI
can be implemented by a single buffer at a receiver.
[0330] Fig. 93 shows an example of an efficient imple-
mentation of Time De-interleaver at a receiver. Fig. 93a
shows four different de-interleaving schemes according
to an embodiment of the present invention. Fig. 93b
shows a single buffer which performs the de-interleaving.
Fig. 93c shows an exemplary scheme to address L1
blocks in a 2D matrix or a 1D sequence.

[0331] As shown in Fig. 93a-c, using a single buffer
algorithm can be more efficient implementation of time
de-interleaver. The algorithm can be characterized by
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reading output cells from memory first, then writing input
cells where output cells are read. Diagonal addressing
can be regarded as a circular addressing in each column.
[0332] More specifically, referring to Fig. 93a, these
four writing and reading method sequentially apply to the
C2 frames which are received at a receiver. The first re-
ceived frame at a receiveris written into the de-interleaver
memory in Fig. 93b in the way for the 0t block in Fig.
93a and read out in the way for the 15t block. The second
received frame is written into the deQinterleaver memory
in Fig. 93b in the way for the 1st block and read out for
the 2nd block. The third received frame is written into the
de-interleaver memory in Fig. 93b in the way for the 2nd
block and read out in the way for the 34 block. The fourth
received frame is written into the de-interleaver memory
in Fig. 93b in the way for the 3" block and read out in
the way for the Oth block, and so on. That is, write and
read out methods in Fig. 93a can be sequentially and
cyclically applied to the C2 frames which are received
sequentially.

[0333] Time interleaving (TI) process can be per-
formed on preambles as shown in Fig. 94. Pilot positions
are periodical and easily removed and no interleaving is
necessary for L1 block header. It is because preamble
header carries Tl parameters and both interleaving and
non-interleaving have same results due to repetition.
Thus, only L1 signaling cells are interleaved. Single buff-
er used in data slice Tl can be applied.

[0334] Fig. 95 shows preamble Time Interleaving/
Deinterleaving Flow. Interleaving can be performed with-
in one L1 block, instead of whole preamble. At a trans-
mitter, as shown in Fig. 128a, L1 block can be encoded
O then an interleaving can be performed within the L1
block [, and the interleaved L1 block can be repeated
within a preamble. At a receiver, as shown in Fig. 128b,
from a received preamble [J, L1 block can be combined
or synchronized and a single period of L1 block can be
obtained [, and the combined L1 block can be de-inter-
leaved (.

[0335] Fig. 96 shows a Time interleaving depth param-
eters in L1 header signaling. For L1 header structure,
RM (16, 32) has 16 bits capacity. A maximum of 2 bits
of CRC may improve RM BER performance. Required
signaling fields of L1 header are L1_info_size (15 bits)
which can require maximum of 5 OFDM symbols and TI_
depth (2 bits or 1 bit). However, a total of 18 or 19 bits
exceed the capacity of L1 header.

[0336] Fig. 97 shows an example of L1 header signal-
ing and a structure and a padding method.

[0337] Fig. 98 shows an example of an L1 signaling
transmitted in a frame header. L1 signaling information
can be used as decoding parameters at a receiver. Es-
pecially, modules on L1 signal path of Fig. 91 can perform
L1 signaling decoding and modules on PLP path of Fig.
91 can use parameters, thus, services can be decoded.
A receiver can obtain parameters of L1 signaling from
signals of L1 path which are decoded according to an
order of each field and field length. The followings explain
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meaning of each field and its use. A name of each field,
a number of bits for each field, or an example of each
field can be modified.

[0338] Num_chbon: This field indicates a number of
channels used in a channel bonding. Using this field, a
receiver can obtain a total bandwidth of used channels.
Channel can have 6MHz, 7MHz, 8MHz, or other values
of bandwidth.

[0339] Num_dslice: This field indicates a number of
data slices existing in a bonded channel. After L1 sign-
aling decoding, a receiver accesses a loop where infor-
mation of data slices is contained, to obtain data slice
information. Using this field, a receiver can obtain a size
of the loop for decoding.

[0340] Num_notch: This field indicates a number of
notch bands existing in a bonded channel. After L1 sig-
naling decoding, a receiver accesses a loop where infor-
mation of notch band is contained, to obtain notch band
information. Using this field, a receiver can obtain a size
of the loop for decoding.

[0341] For each data slice, dslice_id, dslice_start,
dslice_width, dslice_ti_depth, dslice_type, dslice_pwr_
allocation, and PLP information can be transmitted in a
preamble of a frame header. Data slice can be consid-
ered as a specific bandwidth which contains one or more
PLPs. Services can be transmitted in the PLPs. A receiv-
er needs to access data slice which contains a specific
PLP, to decode a service.

[0342] Dslice_id: This field can be used for data slice
identification. Each data slice in a bonded channel can
have a unique value. When a receiver accesses one of
PLPs to decode services, this field can be used for the
receiver to differentiate a data slice where the PLP is
located, from other data slices.

[0343] Dslice_start: This field indicates a start location
of a data slice within a bonded channel. Using this field,
a receiver can obtain a frequency where the data slice
starts. In addition, tuning to access a data slice can be
performed using this field.

[0344] Dslice_width: This field indicates a bandwidth
of a data slice. Using this field, a receiver can obtain a
size of a data slice. Especially, this field can be used in
time-de-interleaving to enable decoding. Along with
dslice_start field, a receiver can determine which fre-
quency to decode from received RF signals. This process
can be performed at Tuner r700 of Fig. 91. Information
such as dslice_start and dslice_width can be used as
Tuner(r700) control signal.

[0345] Dslice_ti_depth: This field indicates time-inter-
laver depth used on time interleaving data slices. Along
with dslice_width, a receiver can obtain a width and a
depth of a time-deinterleaver and can perform time de-
interleaving. Fig. 99 shows an example of a dslice_ti_
depth. In the example, 1, 4, 8, or 16 of OFDM symbols
are used in time-interleaving. This is performed at time
de-interleaver r710 of Fig. 91. Dslice_width and dslice_
ti_depth can be used as control signal.

[0346] Dslice_type: This field indicates a type of a data
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slice. Type1 data slice has a single PLP within it and the
PLP is a CCM (constant coding and modulation) applied.
Type2 data slice represents all other kinds of data slices.
Using this field, a receiver can perform decoding accord-
ing to PLP. PLP of type1 does not have FECFRAME
header, thus a receiver does not look for FECFRAME
header. Fortype2, areceiverlooks for FECFRAME head-
er of PLP to obtain MODCOD information. Fig. 100 shows
an example of dslice_type. Using this field, data slice
parser r711 of Fig. 91 can control FEC header decoder
r712-c, k.

[0347] Dslice_pwr_allocation: This field indicates a
power of a data slice. Each data slice can have a different
power from other data slices. It's for link adaption on cable
system. A receiver can use this field to control power of
received data slice. Tuner r700 of Fig. 91 can adjust sig-
nal gain using this field.

[0348] Num_plp: Thisfield indicates a number of PLPs
in a data slice. After L1 signaling decoding, a receiver
accesses a loop which includes PLP information. Using
this field a receiver can obtain a size of the loop and
decode PLPs.

[0349] Foreach PLP, plp_id, plp_type, PSI/SI reproc-
essing, plp_payload_type, plp_modcod, and plp_start_
addr can be transmitted in a frame header (preamble).
Each PLP can transmit one or more streams or packets
such as TS and GSE. A receiver can obtain services by
decoding PLPs where services are transmitted.

[0350] Plp_id: This field is a PLP identifier and has a
unique value for each PLP in a bonded channel. Using
this field, a receiver can access PLP where a service to
decode exists. This field can serve an identical purpose
with plp_id transmitted in a FECFRAME header. FEC
Header decoder r712-c, k of Fig. 91 can access neces-
sary PLP using this field.

[0351] Plp_type: This field indicates whether a PLP
type is a common PLP or a data PLP. Using this field, a
receiver can find common PLP and can obtain informa-
tion required for decoding a TS packet from the common
PLP. Further, the receiver can decode a TS packet within
a data PLP. Fig. 101 shows an example of plp_type.
[0352] PSI/Slreprocessing: This field indicates wheth-
er a PSI/SI of a received signal is reprocessed or not.
Using this field, a receiver can determine whether to refer
PSI/SI of a specific service from a transmitted service. If
a receiver cannot refer PSI/SI of a specific service from
a transmitted service, PSI/SI that can be referred by a
specific service can be transmitted through common
PLP, for example. Using this information, a receiver can
decode services.

[0353] Plp_payload_type: This field indicates type of
payload data that PLP transmits. A receiver can use this
field before decoding data within PLPs. If a receiver can-
not decode specific type of data, decoding a PLP that
contains that specific type of data can be prevented. Fig.
102 shows an example of plp_payload_type. If a data
slice has a single PLP and a CCM is applied to the data
slicei.e., type1 dataslice, fields such as plp_modcod and
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plp_start_addr can be transmitted additionally.

[0354] Plp_modcod : This field indicates modulation
type and FEC code rate used on PLP. Using this field, a
receiver can perform QAM demodulation and FEC de-
coding. Fig. 103 shows an example of plp_modcod.
Those values shown in the figure can be used in modcod
that is transmitted in a header of a FECFRAME. Symbol
Demapper r713-c, k and FEC Decode BCH/LDPC r715-
¢, k of Fig. 91 can use this field for decoding.

[0355] Plp_start_addr: This field indicates where afirst
FECFRAME of a PLP appears in a transmission frame.
Using this field, a receiver can obtain a start location of
FECFRAME and perform FEC decoding. Using this field,
Data slice Parser r711 of Fig. 91 can synchronize FEC-
FRAMEs for type1 PLPs. For each notch band, informa-
tion such as notch_start and notch_width can be trans-
mitted in a frame header (preamble).

[0356] Notch_start: This field indicates a start location
of a notch band. Notch_width: This field indicates a width
of a notch band. Using notch_start and notch_width, a
receiver can obtain a location and a size of a notch band
within a bonded channel. In addition, a tuning location
for a correct service decoding can be obtained and an
existence of a service within a certain bandwidth can be
checked. Tuner r700 of Fig. 91 can perform tuning using
this information.

[0357] GI: This field indicates guard interval informa-
tion used in a system. A receiver can obtain guard interval
information using this field. Time/Freq Synchronizer r702
and Gl remover r704 of Fig. 91 can use this field. Fig.
104 shows an example.

[0358] Num_data_symbols: This field indicates a
number of data OFDM symbols, except preamble, used
in a frame. A transmission frame length can be defined
by this field. Using this field, a receiver can predict a lo-
cation of a following preamble, thus, this field can be used
for decoding L1 signaling. Frame Parser r708 of Fig. 91
can use this field and predict OFDM symbols that are
preamble and send signal to preamble decoding path.
[0359] Num_c2_frames: This field indicates a number
of frames existing in a super frame. Using this field, a
receiver can obtain a boundary of a super frame and can
predict information repeated by each super frame.
[0360] Frame_idx: This field is a frame index and is
reset for each super frame. Using this field, a receiver
can obtain a current frame number and find a location of
the current frame within a super frame. Using this field,
Frame parser r708 of Fig. 91 can find out how many
frames are ahead of a current frame in a super frame.
Along with num_c2_frames, change occurring in a L1
signaling can be predicted and L1 decoding can be con-
trolled.

[0361] PAPR: This field indicates whether a tone res-
ervation to reduce a PAPR is used or not. Using this field,
a receiver can process accordingly. Fig. 105 shows an
example. For example, if a tone reservation is used, a
receiver can exclude carriers used in a tone reservation,
from decoding. Specifically, Data slice parserr711 of Fig.
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91 can use this field to exclude carriers from decoding.

[0362] Reserved: This field is additional bits reserved
for future use.
[0363] Fig. 106 shows another example of L1 signaling

transmitted in a frame header. In Fig. 106, additionally
added information to Fig. 98 can make service decoding
by a receiver more efficient. The following fields explain
only the additional information. The other fields are same
as the Fig. 98.

[0364] Network_id: This field indicates a network
where transmitted signal belongs to. Using this field, a
receiver can find out a current network. When a receiver
tune to another network to find a service in the network,
the receiver can process faster because using only L1
decoding is enough to make decision whether the tuned
network is a desired network or not.

[0365] C2_system_id: This field identifies a system
where a transmitted signal belongs to. Using this field, a
receiver can find out current system. When a receiver
tune to another system to find a service in the system,
the receiver can process faster because using only L1
decoding is enough to make decision whether the tuned
system is a desired system or not.

[0366] C2_signal_start_frequency: This field indicates
a starting frequency of bonded channels. C2_signal_
stop_frequency: This field indicates an end frequency of
bonded channels. Using c2_signal_start_frequeny and
c2_signal_stop_frequency, RF bandwidths of all data
slices can be found by decoding L1 of certain bandwidth
within bonded channels. In addition, this field can be used
to obtain a frequency shift amount required in synchro-
nization of L1_XFEC_FRAMEs. L1 XFEC Combiner
r1017-L1 of Fig. 91 can use this field. In addition, when
a receiver receives data slices located at both ends of a
bonded channel, this field can be used to tune to an ap-
propriate frequency. Tuner r700 of Fig. 91 can use this
information.

[0367] Plp_type: This field indicates whether a PLP is
a common PLP, a normal data PLP, or a grouped data
PLP. Using this field, a receiver can identify common PLP
and can obtain information required for decoding TS
packet from the common PLP, then can decode TS pack-
et within a grouped data PLP. Here, the common PLP
can be a PLP which contains data shared by multiple
PLPs. Fig. 107 shows an example of this field. Normal
data PLP is a data PLP that does not have common PLP.
In this case, a receiver does not need to find a common
PLP. Common PLP or grouped PLP can transmit infor-
mation such as plp_group_id. For the other types of PLP,
more efficient transmission is possible because no addi-
tional information needs to be transmitted.

[0368] Plp_group_id: This field indicates a group
where a current PLP belongs to. Grouped data PLP can
transmit common TS parameters using common PLP.
Using this field, if a currently decoded PLP is a grouped
PLP, a receiver can find a necessary common PLP, ob-
tain parameters required for TS packet of grouped PLP,
and form a complete TS packet.

EP 2 477 370 A2

10

15

20

25

30

35

40

45

50

55

26

50

[0369] Reserved_1/reserved_2/reserved_3: These
fields are additional bits reserved for future use for a data
slice loop, a PLP loop, and a transmission frame, respec-
tively.

[0370] Fig. 108 shows another example of L1 signaling
transmitted in a frame header. Compared to Fig. 106,
more optimized information can be transmitted, thus, less
signaling overhead can occur. Accordingly, a receiver
can decode services efficiently. Especially, modules on
L1 signal path of Fig. 91 can perform L1 signaling decod-
ing and modules on PLP path of Fig. 91 can use param-
eters, thus, services can be decoded. A receiver can ob-
tain parameters of L1 signaling from signals of L1 path
which are decoded according to an order of each field
and field length. A name of each field, a number of bits
foreachfield, oran example of each field can be modified.
Descriptions of fields except dslice_width are identical to
aforementioned descriptions of fields. A function of
dslice_width according to an example is as follows.
[0371] Dslice_width: This field indicates a bandwidth
of a data slice. Using this field, a receiver can obtain a
size of a data slice. Especially, this field can be used in
time-de-interleaving to enable decoding. Along with
dslice_start field, a receiver can determine which fre-
quency to decode from received RF signals. This process
can be performed at Tuner r700 of Fig. 91. Information
such as dslice_start and dslice_width can be used as
Tuner r700 control signal. At this point, width of a data
slice can be extended up to 64MHz by using 12 bits for
this dslice_width field. Using this field, a receiver can de-
termine if a currently available tuner can decode current
data slice. If a width of a data slice is bigger than a band-
width of a legacy tuner of a receiver, to decode such a
data slice, a receiver can use either at least two legacy
tuners or a tuner with a large enough bandwidth. In the
example, a granularity of values used in dslice_start,
dslice_width, notch_start, and notch_width can be 12
OFDM carriers (cells). In other words, a receiver can find
a location of an actual OFDM cell by multiplying trans-
mitted values by 12. In the example, for a granularity of
Plp_start_addr, one OFDM carrier (cell) can be used. In
other words, a receiver can find out how many OFDM
symbols and OFDM cells are ahead of a start location of
a PLP within an OFDM symbol. Dslice_start and dslice_
width can be used for this purpose. Data slice Parser
r711 of Fig. 91 can perform such a process.

[0372] Fig. 109 shows an example of processing at
FEC header 705-L1 on L1 path of Fig. 90. A total of 16
bits can be transmitted in FEC header of a L1 path. Four-
teen bits can be allocated for L1_info_size. If L1_info_
size has a value that is a half of actually transmitted L1
block length, a receiver can multiply received L1_info_
slze by two and obtain actual length of L1 block and start
decoding L1. This obtained length of L1 block is a length
that includes padding.

[0373] For L1 block thatis determined to have no error
though CRC check, areceiver can regard rest of bits after
the L1 decoding as padding. The last two bits, similar as
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in previous methods, can be used for indicating time in-
terleaving depth of preambles. Preamble mapper 1007-
L1 of Fig. 90 can determine required OFDM symbols to
transmit L1 blocks. Afterwards, time interleaver 1008-L1
of Fig. 90 can perform time interleaving. Using the time
interleaving depth information and L1_info_size, a re-
ceiver can find out what size of L1 block is transmitted in
how many OFDM symbols. Combining, merging, and
time-de-interleaving L1 blocks can be performed at L1
XFEC combiner 12417-L1, L1_FEC Merger 12418-L1,
and Time de-interleaver 12410-L1 of Fig. 91, respec-
tively.

[0374] AtareceiverinFig. 91, alength ofan L1 XFEC
block within an OF DM symbol can be obtained by dividing
a total L1 block length by a number of OFDM symbols
used in a preamble. The number of OFDM symbols can
be obtained from a valued defined in ti_depth. L1 XFEC
combiner 12417-L1 of a receiver can obtain L1 XFEC
block. Then, Time de-interleaving 12410-L1 can be per-
formed using ti_depth. Finally, L1 XFEC blocks can be
merged toobtainanL1_FEC block. AfterL1_FEC Merger
12418-L1, bit De-interleaving r714-L1, and LDPC/BCH
decoding r715-L1, L1 block can be obtained. L1_info_
size can be multiplied by two, L1 block can be CRC
checked, and L1 can be decoded. Unnecessary padding
can be disregarded.

[0375] Fig. 110 shows another example of L1 signaling
transmitted in a frame header. Compared to Fig. 108,
numbers of bits for some fields are modified and some
fields are added to improve an efficiency of service de-
coding by a receiver. Especially, modules on L1 signal
path of Fig. 91 can perform L1 signaling decoding and
modules on PLP path of Fig. 91 can use parameters,
thus, services can be decoded. A receiver can obtain
parameters of L1 signaling from signals of L1 path which
are decoded according to an order of each field and field
length. A name of each field, a number of bits for each
field, or an example of each field can be modified. Except
modified fields from previous figure, descriptions of fields
are identical to aforementioned descriptions of fields.
RESERVED_1, RESERVED_2, RESERVED_3, and
RESERVED_4 are fields reserved for future use. In the
example, PLP_START can indicate identical information
with aforementioned plp_start_addr.

[0376] L1_PART2_CHANGE_COUNTER indicates a
number of frames from first frame to a frame that has a
change in any of the L1 signaling information, excluding
change in PLP_START, from previous frames. That is,
this field indicates the number of frames ahead where
the configuration will change. Using this field, a receiver
can skip decoding L1 for each frame to get L1 information.
In other words, by wusing the value of
L1_PART2_CHAGNE_COUNTER, areceiver candeter-
mine which frame has a change in L1 information from
previous frames, thus, no L1 decoding is performed for
frames before a frame with change in L1 occurs, then L1
decoding can be performed for the frame that has change
in L1. Thus, unnecessary operations can be skipped. Us-
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ing this field, a receiver can avoid the redundant L1 de-
coding operation. This value can be also calculated by a
receiver with already decoded L1 information.

[0377] In other word, this 8-bit field indicates the
number of C2 Frames ahead where the configuration (i.e.
the contents of the fields in the L1 signalling part 2 except
for the PLP_START and L1_PART2_CHANGE_COUN-
TER) will change. The next C2 Frame with changes in
the configuration is indicated by the value signalled within
this field. If this field is set to the value '0’, it means that
no scheduled change is foreseen. For example, value ’1’
indicates that there is change in the next C2 Frame.
[0378] In detail, if L1_PART2_CHANGE_COUNTER
is 0, it means there has not been a change in L1 for at
least 256 (278, 8 is a number of bits used for
L1_PART2_CHANGE_COUNTER) frames. In this one
of best cases, a receiver needs to decode L1 only every
51 seconds. This process can be performed at Frame
Parser r708 of Fig. 91. Frame Parser can determine if
current preamble has a change in L1 and can control
subsequent processes on L1 signal path.

[0379] At this point, an initial value of
L1_PART2_CHANGE_COUNTER can be set. If a value
of the L1_PART2_CHANGE_COUNTER is zero, a min-
imum number of frames that do not have a change in L1
data can be determined. In detail, a transmitter can trans-
mit a L1 PART2 CHANGE COUNTER MIN value.
L1_PART2_CHANGE_COUNTER can have this
L1_PART2_CHANGE_COUNTER_MIN as aninitial val-
ueandtheL1_PART2_CHANGE_COUNTER canbede-
creased by one for each frame, down to zero. By using
the L1_PART2_CHANGE_COUNTER_MIN value as an
initial value of the L1_PART2_CHANGE_COUNTER, if
L1_PART2_CHANGE_COUNTER is zero, a receiver
can determine decoding L1 of which frame that received
after a number of frames, thus, an efficient L1 data de-
coding can be performed. Using this method, a configu-
ration flexibility of a transmitter and an efficiency of L1
decoding of a receiver can be a traded off.

[0380] A receiver can calculate PLP_START for spe-
cific frame from already obtained PLP_START and PLP_
MODCOD, without performing L1 decoding to obtain
PLP_START.

[0381] Fig. 111 shows examples of fields shown in Fig.
110. Blocks of a receiver can perform processes accord-
ing to the values indicated by the fields in the examples.
[0382] Fig. 112 shows another example of L1 signaling
transmitted in a frame header. Compared to Fig. 110,
some fields are modified and some fields are added to
improve an efficiency of service decoding by a receiver.
Especially, modules on L1 signal path of Fig. 91 can per-
form L1 signaling decoding and modules on PLP path of
Fig. 91 can use parameters, thus, services can be de-
coded. A receiver can obtain parameters of L1 signaling
from signals of L1 path which are decoded according to
an order of each field and field length. A name of each
field, a number of bits for each field, or an example of
each field can be modified. Except modified fields from
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previous figure, descriptions of fields are identical to
aforementioned descriptions of fields.

[0383] Descriptions of DSLICE_START, DSLICE_
WIDTH, NOTCH_START, and NOTCH_WIDTH are
identical with previous descriptions. However, signaling
overhead can be minimized by signaling the fields with
a minimum number of bits according to Gl mode. Accord-
ingly, it can be said that signaling of DSLICE_START,
DSLICE_WIDTH, NOTCH_START, and NOTCH_
WIDTH is based upon Gl mode. L1 information can be
obtained from L1 signal path of a receiver of Fig. 91. A
system controller can determine a number of bits used
for each field according to obtained Gl value and can
read the fields accordingly. Gl value needs to be trans-
mitted before other values.

[0384] Instead of DSLIC_START and DSLICE
WIDTH, 12 bits of tuning position which indicates an op-
timized location to obtain data slice and 11 bits of offset
value from a tuning position to indicate a width of a data
slice can be transmitted. Especially, by using 11 bits of
offset value, data slices that occupy a maximum of 8
bonded channels can be signaled and a receiver that can
receive such data slices can operate appropriately. Atun-
er r700 of a receiver of Fig. 91 can determine RF band-
width using a tuning position and can obtain a width of a
data slice using offset value, to serve a same purpose
as the aforementioned DSLICE_WIDTH.

[0385] DSLICE_CONST_FLAG is afield for indicating
whether a configuration of a specific data slice is main-
tained as a constant. Using this field obtained from an
L1 from a certain bandwidth, a receiver can determine if
a specific data slice has a constant configuration, then
the receiver can receive PLPs of the specific data slice
without additional L1 decoding. This kind of process can
be useful for receiving data slice that is located in a band-
width where L1 decoding is not available.

[0386] DSLICE_NOTCH_FLAG is a field or a flag for
indicating notch bands at both edges of a specific data
slice. Most Significant Bit (MSB) can be used as an indi-
cator for notch band neighboring at a low bandwidth and
Least Significant Bit (LSB) can be used as an indicator
for notch band neighboring at a high bandwidth. Using
the field, when a receiver decodes a specific data slice,
the receiver can take into account of a notch band by
finding out changes in active carriers caused by continual
pilots neighboring at both ends of a notch band. This
information can also be obtained from notch information
transmitted in NOTCH_START and NOTCH_WIDTH.
Time De-interleaver r710 of a receiver of Fig. 91 can use
the information to find location of active carriers and send
data only corresponding to the active carriers, to a data
slice parser.

[0387] For PLP_TYPE, one additional bit is added to
Fig. 110. Fig. 113 shows an example of PLP_TYPE of
Fig. 112. A value indicating bundled data PLP can be
transmitted. A large TS stream having a high data rate
can be multiplexed into multiple PLPs. Bundled data PLP
can be used for indicating PLPs where multiplexed
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streams are transmitted. For a legacy receiver which is
unable to decode a specific PLP, this field can prevent
the receiver from accessing the PLP, thus, a possible
malfunction can be prevented.

[0388] Yet as an alternative method, if the aforemen-
tioned dslice_width is used along with dslice_start field
and notch information, a receiver can determine which
frequency to decode from received RF signals. This proc-
ess can be performed at Tuner (r700) of Fig. 91. Infor-
mation such as dslice_start, dslice_width, notch_start,
and notch_width can be used as Tuner r700 control sig-
nal. Thus, obtaining a data slice and simultaneously tun-
ing to an RF band where no L1 decoding problems exist
can become possible, by avoiding notch.

[0389] Regarding L1 signaling of Fig. 112, Fig. 114
shows a relationship between L1 signaling and L2 sign-
aling when a PLP is bundled type. In addition, Fig. 114
also shows an action that can be taken by a receiver for
such a case. TS1 can be mapped into PLP37 through
c2dsd of L2. This TS1 corresponds to a normal PLP of
L1, thus, the PLP can be decoded by a normal receiver
(single 8MHz tuner) and a premium receiver (multiple
tuner or wideband (>8MHz) tuner). TS2 and TS3 are
mapped into PLP39 and PLP44 respectively, through
c2dsd. These correspond to bundled PLP of L1, thus,
these PLPs can be decoded by a premium receiver (mul-
tiple tuner or wideband (>8MHz) tuner) but not by a nor-
mal receiver (single 8MHz tuner). Consequently, accord-
ing to L1 information, a receiver can check if correspond-
ing TS is received or not.

[0390] Fig. 115 and Fig. 116 are flowcharts describing
L1 decoding and L2 decoding actions for bundle PLP
type and normal PLP type in a normal receiver and a
premium receiver, respectively. Fig. 117 shows an ex-
ample of c2_delivery_system_descriptor structure and
syntax for L2 signaling while taking into account of Fig.
112. This descriptor can map TS_id into plp_id as shown
in Fig. 114. Bundle information can be processed in L1,
thus, it needs not be signaled in L2. The variables shown
in Fig. 117 are described as follows.

[0391] Plp_id: This 8-bit field uniquely identifies a data
PLP within a C2 System.

[0392] C2_system_id: This 16-bit field uniquely iden-
tifies a C2 system. The remaining part of this descriptor,
immediately following the C2_system_id field is only
present once per C2 system, because the parameters
are uniquely applicable to all data slices carried over a
particular C2 System. A presence or absence of that part
can be derived from the descriptor length field. In the
absence of the remaining part, this length equals 0x07,
otherwise a larger value is assigned.

[0393] C2_System_tuning_frequency: This 32-bit field
indicates a frequency value. The coding range can be
from minimum 1 Hz (0x00000001) up to a maximum of
4, 294, 967, 295 Hz (OxFFFFFFFF). This data field can
give a tuning frequency, where a complete Preamble is
transmitted within the tuning window. Generally the
C2_System_tuning_frequency is the center frequency of
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a C2_System, but it may deviate from the center frequen-
cy in case notches exist in this area.

[0394] Active_OFDM_symbol_duration: This 3-bit
field indicates a duration of the active OFDM symbol. An
example is shown in Fig. 118.

[0395] Guard_interval: This 3-bit field indicates a
guard interval. An example is shown in Fig. 119.

[0396] In the previous examples of L1 time interleav-
ing/deinterleaving, for cases when TI_DEPTH is "10" or
"11", Preamble mapper 1007-L1 of Fig. 90 can evenly
divide original L1 block into four or eight sub-blocks. How-
ever, if a size of the sub-block is smaller than a minimum
size required to perform an FEC encoding, the FEC en-
coding may not be performed appropriately. A possible
solution can be setting a threshold. If a size of an L1 block
is smaller than a set threshold, L1 block can be repeated
for four or eight times for cases when TI_DEPTH is "10"
or"11". If a size of an L1 block is bigger than a set thresh-
old, L1 block can be evenly divided into four or eight sub-
blocks. The threshold can be set as four or eight times
of a minimum size required to perform an FEC encoding.
[0397] In addition, setting TI_DEPTH as "10" or "11"
is for cases when time interleaving effect is not obtained
because of a small L1 block size. Thus, the threshold
can be defined as a size of information bits that can be
transmitted by a single preamble symbol. For example,
if anidentical L1 FEC encoding with DVB-T2 is assumed,
a threshold will be 4,772 bits.

[0398] ForcaseswhenTl_DEPTHis"10"or"11", using
L1 size information, Tl depth, and a threshold value
shared between a transmitter and a receiver, modules
of a receiver, from FEC header decoder r1012-L1 to
L1_FEC_Merger r1018-L1 of Fig. 91 can determine a
size of L1 sub-block, combining, and merging the L1 sub-
blocks that are transmitted in an OFDM symbol of a pre-
amble.

[0399] If an L1 size is smaller than a threshold value,
L1_FEC_Merger r1018-L1 of Fig. 91 does not need to
merge divided sub-blocks because the original L1 block
is repeatedly transmitted according to a TI_DEPTH in
four or eight OFDM symbols. However, if an L1 size is
bigger than a threshold value, because a number of sym-
bols that is more than a number of OFDM symbols re-
quired to transmit L1 block is used, FEC header decoder
r1012-L1 of Fig. 91 can obtain a size of a sub-block using
TI_DEPTH. Then, L1_FEC combinerr1017-L1 can com-
bine L1 FEC blocks and time deinterleaver r1010-L1 can
perform de-interleaving. Finally, L1_FEC merger r1018-
L1 can merge L1_FEC blocks to restore original L1 block.
[0400] Fig. 120 shows another example of L1 signaling
that is transmitted in a frame header. Compared to Fig.
112, some fields are modified and some fields are added
toimprove an efficiency of service decoding by areceiver.
Especially, modules on L1 signal path of Fig. 91 can per-
form L1 signaling decoding and modules on PLP path of
Fig. 91 can use parameters, thus, services can be de-
coded. A receiver can obtain parameters of L1 signaling
from signals of L1 path which are decoded according to
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an order of each field and field length. A name of each
field, a number of bits for each field, or an example of
each field can be modified. Except modified fields from
previous figure, descriptions of fields are identical to
aforementioned descriptions of fields.

[0401] DSLICE_TUNE_POS indicates a tuning posi-
tion for a receiver to obtain a data slice. Depending on a
Gl mode, this value can be expressed in 12 or 11 bits.
DSLICE_OFFSET_RIGHT and DSLICE_OFFSET_
LEFT which indicate offset value from a tuning position
or a width of a data slice, can be expressed in 9 or 8bits,
depending on a Gl mode. If the offset can have a signed
value, i.e., a positive or a negative value, a position and
a width of a data slice having a narrow band can also be
expressed. Tuner r700 of a receiver in Fig. 91 can deter-
mine an RF band using a tuning position, then using this
signed offset value, data slice width can be obtained.
Thus, this field can serve a same purpose as aforemen-
tioned DSLICE_WIDTH. A receiver can obtain Bit-width
using a Gl value.

[0402] DSLICE_NOTCH_FLAG saflagindicatingthat
a certain data slice is adjacent to a notch band. It can
serve a same purpose as aforementioned examples but
here, only 1 bit is used for this field per each data slice.
Using this 1 bit information, a receiver can perform same
function as aforementioned examples.

[0403] PLP_BUNDLED_FLAG indicates that a PLP is
a bundled data PLP. That is, PLP_BUNDLED_FLAG in-
dicates whether or not a PLP is a bundled with other PLP
within a broadcasting system. This field can serve asame
purpose as aforementioned bundled data PLP of PLP_
TYPE of Fig. 112. PLP_TYPE is shown in Fig. 110.
[0404] Fig. 121 is showing another two examples of
time interleaving that can be used on L1 path of Fig. 90.
As seenin the Time interleaving ON (1), interleaving can
be only block interleaving. Compared to the method
shown in Fig. 83, frequency interleaving performance
may not be as good as the method shown in Fig. 83.
However, for cases when TI_DEPTHis"10" or"11", with-
out repeating or dividing L1 blocks according to a thresh-
old, L1 blocks can be spreadin atime directionregardless
of L1 block size then can be repeated in a preamble if
there is a room in the preamble, thus, this method can
be advantageous in that a control can be simplified. The
interleaving can be performed by writing input symbol
streams in a time direction and reading the written symbol
streams in a frequency direction. Time deinterleaver
r1010-L1 on L1 path of a receiver of Fig. 91 can perform
de-interleaving by writing input symbol streams in a fre-
quency direction and reading the written symbol streams
in a time direction.

[0405] A second example or the Time interleaving ON
(2) of Fig. 121 includes additional process to the Time
interleaving ON (1), which is a circular-shifting in a row
direction. By this process, in addition to advantages from
the Time interleaving ON (1), an effect of spreading in a
frequency domain can be obtained. Time deinterleaver
r1010-L1 on L1 path of a receiver of Fig. 91 needs to
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perform circularly re-shifting in a row direction before per-
forming the process of the Time interleaving ON (1).
[0406] Fig. 122 shows another example of an OFDM
transmitter using data slice. It differs from Fig. 90 in blocks
on L1 path. Fig. 124 and Fig. 126 are provided for detail
description of the different blocks. L1 signaling module
700-L1 can perform functions identical with the functions
of the same block in Fig. 90. FEC LDPC/BCH encoder
1902-L1 can perform L1 partitioning and encoding shown
in Fig. 124. Using an L1 information bits that can be trans-
mitted by a single OFDM preamble symbol as a refer-
ence, if necessary, L1 can be partitioned and the parti-
tioned L1 can be FEC encoded. Bit interleaver 703-L1
and symbol mapper 704-L1 can perform functions iden-
tical with the functions of the same blocks of Fig. 80 or
Fig. 90. That is, the bit interleaver 703-11 interleaves L1
signalling block and the symbol mapper demultiplexes
the bit interleaved L1 signaling block into cell words and
performs mapping the cell words to constellation values
corresponding to the Layer 1 signaling information sym-
bol. In this case, the symbol mapper can be a QAM map-
per.

[0407] Time interleaver 1908-L1 can time interleave
preamble symbols with an L1 time interleaving depth as
shown in Fig. 124. Depending on time interleaving depth,
time interleaving can be performed as in Fig. 126. For a
case of no time interleaving (L1_TI_MODE="00"), time
interleaving is not performed. For a case of time inter-
leaving depth being a minimum number of OFDM sym-
bols required to transmit L1 data (L1_TI_MODE="01"),
time interleaving according to a number of OFDM sym-
bols is performed. For a case of time interleaving depth
being more than a minimum number of OFDM symbols
required to transmit L1 data (L1_TI_MODE="10" and
depth = 4 OFDM symboils), a size of a time interleaving
block can have a number of rows as many as a value of
a time interleaving depth and a number of columns as
many as a quotient resulting from dividing a number of
QAM symbols required to transmit L1 data by the time
interleaving depth. A time interleaving can be performed
on a row-column matrix memory having a size of the time
interleaving block. L1 Header inserting module 1905-L1
caninsert L1 headerto L1 block which is time interleaved
for each OFDM symbol within a preamble, as shown in
Fig. 124. Preamble Mapper 1907-L1 can map L1 header
and L1 block into predetermined OFDM symbols in a
preamble. For each OFDM symbol, L1 repetition module
1915-L1 can repeat L1 header and L1 block to fill pre-
amble bandwidth. Finally, frequency interleaver 709-L1
can perform functions identical with the functions of the
same block of Fig. 90.

[0408] Fig. 123 shows another example of an OFDM
receiver using data slice. It differs from Fig. 91 in blocks
on L1 path. Fig. 125 and Fig. 127 are provided for detail
description of the different blocks. Frequency deinter-
leaver r709-L1 can perform functions identical with the
functions of the same blockin Fig. 91. L1 combinerr1917-
L1 can synchronize L1 blocks as shown in Fig. 125. In
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addition, SNR gain can be obtained from combining L1
header and L1 block repeated in a preamble bandwidth.
L1 header decoder r1912-L1 can obtain additional SNR
gain by combining L1 headers that are repeatedly trans-
mitted in a time direction, by referencing L1 time inter-
leaving depth. In addition, L1 time interleaving parame-
ters and L1 data size can be obtained from L1 header
FEC decoding. Time deinterleaverr1910-L1 can perform
processes shown in Fig. 125 and Fig. 127 which are in-
verse processes of processes performed at a transmitter
as shown in Fig. 124 and Fig. 126.

[0409] Symbol demapper r713-L1 can calculate bit
LLR from input symbols and output the bit LLR. Using L1
data length and L1 time interleaving depth transmitted in
L1 header and taking into account of a number of L1
block that has partitioned L1 data and a number of OFDM
symbols where L1 blocks are spread, L1 merger r1918-
L1 can restore L1 blocks required to perform FEC de-
coding. Bit deinterleaver r714-L1 and FEC decode BCH/
LDPC r715-L1 can perform functions identical with the
functions of the same blocks in Fig. 91.

[0410] Fig. 128 is another example of PLP_MODCOD
showninFig. 110. As seenin Fig. 128, not using "000000"
can reduce a possibility of an incorrect decoding of PLP_
MODCOD by a receiver from noises.

[0411] Fig. 129 shows another example of L1 signaling
transmitted in frame header. Compared to Fig. 120, some
fields are modified and some fields are added to improve
an efficiency of service decoding by a receiver. Especial-
ly, modules on L1 signal path of Fig. 123 can perform L1
signaling decoding and modules on PLP path of Fig. 123
can use parameters, thus, services can be decoded. A
receiver can obtain parameters of L1 signaling from sig-
nals of L1 path which are decoded according to an order
of each field and field length. A name of each field, a
number of bits for each field, or an example of each field
can be modified. Except modified fields from previous
figure, descriptions of fields are identical to aforemen-
tioned descriptions of fields.

[0412] NUM_CH can perform functions identical with
the functions of the aforementioned NUM_CHBON. Yet
with an extended bit-width of 5 bits from 3 bits, a broader
bandwidth can be used. Similarly, DSLICE_TUNE_POS
and NOTCH_START can have 14 bits or 13 bits depend-
ing on Gl. Thus, when a broader bandwidth is used, lo-
cations of data slices can be transmitted and a receiver
can find data slices appropriately.

[0413] If a type of a data slice is a single PLP and no
CCM is applied to the data slice, or PLP of the data slice
has FEC_FRAME_HEADER, a type of a modulation ap-
plied to the FEC_FRAME_HEADER can be transmitted.
At this point, when a type of a data slice is a single PLP
and no CCM is applied to the data slice, a receiver can
decode FEC_HEADER_TYPE to find appropriate FEC_
FRAME_HEADER. FEC Header Decoderr712-C,... K of
Fig. 123 can perform these processes.

[0414] When a type of a data slice is a single PLP and
a CCM is applied to the PLP, modulation, code rate, and
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FEC type of the PLP can be signaled. PLP_MOD, PLP_
COD,andPLP_FEC_TYPE of Fig. 130 show an example
of the signaling, respectively. These functions are iden-
tical functions with functions performed by aforemen-
tioned PLP_MODCOD. After finding out a type of a data
slice and using parameter values, a receiver can decode
PLPs. In addition, a receiver can decode PLP having
FEC_FRAME_HEADER.

[0415] Using the suggested methods and devices,
among others advantages it is possible to implement an
efficient digital transmitter, receiver and structure of phys-
ical layer signaling.

[0416] By transmitting ModCod information in each BB
frame header that is necessary for ACM/VCM and trans-
mitting the rest of the physical layer signaling in a frame
header, signaling overhead can be minimized.

[0417] Modified QAM for a more energy efficient trans-
mission or a more noise-robust digital broadcasting sys-
tem can be implemented. The system can include trans-
mitter and receiver for each example disclosed and the
combinations thereof.

[0418] An Improved Non-uniform QAM for a more en-
ergy efficient transmission or a more noise-robust digital
broadcasting system can be implemented. A method of
using code rate of error correction code of NU-MQAM
and MQAM is also described. The system can include
transmitter and receiver for each example disclosed and
the combinations thereof.

[0419] The suggested L1 signaling method canreduce
overhead by 3~4% by minimizing signaling overhead dur-
ing channel bonding.

[0420] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the invention.
[0421] Embodiments are further defined in the follow-
ing sections A through O:

A. A transmitter for transmitting broadcasting data
to a receiver, the transmitter comprising:

a first BCH encoder configured to BCH encode
Layer 1 signaling data;

a first LDPC encoder configured to LDPC en-
code the BCH-encoded Layer 1 signaling data
to generate at least one LDPC parity bit;

a puncturing means configured to perform punc-
turing on the generated LDPC parity bit;

a first bit interleaver configured to bit interleave
the LDPC-encoded Layer 1 signaling data and
the punctured LDPC parity bit; and

a first QAM mapper configured to demultiplex
the bit interleaved Layer 1 signaling data into
cell words and map the cell words into constel-
lation values,

wherein the transmitter is configured to process
the Layer 1 signaling data, the Layer 1 signaling
data having PLP type information indicating the
type of the associated PLP, the PLP type infor-
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mation being one of common PLP, grouped data
PLP and normal data PLP, the common PLP
being a special PLP which contains data shared
by multiple PLPs,

and wherein when the PLP type is one of the
common PLP and the grouped data PLP, the
Layer 1 signaling data further include a PLP
group ID that identifies with which PLP group
the current PLP is associated.

B. The transmitter of section A, further comprising:

a second BCH encoder configured to BCH-en-
code PLP data to generate an error protected
data;

a second LDPC encoder configured to LDPC-
encode the BCH encoded PLP data;

a second bit interleaver configured to bit-inter-
leave the LDPC encoded PLP data;

a second QAM mapper configured to demulti-
plexthe interleaved PLP datainto cell words and
map the cell words into constellation values; and
a time-frequency interleaver configured to time-
frequency interleave the mapped constellation
values.

C. The transmitter of section A, wherein the Layer 1
signaling data has Program Specific Information
(PSI) and Service Information(Sl) reprocessing in-
formation for each Physical Layer Pipe (PLP), and
the PSI/Sl reprocessing informationindicates wheth-
er or not a PSI/SI reprocessing has been performed.

D. The transmitter of section C, wherein a size of a
field for the PSI/SI reprocessing information is one
bit.

E. A receiver for processing broadcasting data, the
receiver comprising:

a QAM demapper configured to demap constel-
lation values corresponding to Layer 1 signaling
data into cell words and to multiplex the dema-
pped cell words into the Layer 1 signaling data;
a bit deinterleaver configured to bit-deinterleave
the multiplexed Layer 1 signaling data and at
least one LDPC parity bit;

a de-puncturing means configured to perform
de-puncturing on the LDPC parity bit;

a LDPC decoder configured to LDPC-decode
the Layer 1 signaling data and the de-punctured
LDPC parity bit; and

a BCH decoder configured to BCH-decode the
LDPC-decoded Layer 1 signaling data and the
de-punctured LDPC parity bit,

wherein the receiver is configured to process
Layer 1 signaling data, wherein the Layer 1 sig-
naling data include PLP type information indi-
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cating the type of the associated PLP, the PLP
type information being one of common PLP,
grouped data PLP and normal data PLP, the
common PLP being a special PLP, which con-
tains data shared by multiple PLPs,

and wherein when the PLP type is one of the
common PLP and the grouped data PLP, the
Layer 1 signaling data further include a PLP
group ID identifying with which PLP group the
current PLP is associated.

F. The receiver of section E, further comprising:

a time-frequency deinterleaver configured to
time-frequency deinterleave constellation val-
ues corresponding to PLP data;

a QAM demapper configured to demap the dein-
terleaved constellation values into cell words
and to multiplex the demapped cell words into
the PLP data;

a bitdeinterleaver configured to bit-deinterleave
the multiplexed PLP data;

a LDPC decoder configured to LDPC-decode
the bit-deinterleaved PLP data; and

a BCH decoder configured to BCH-decode the
LDPC-decoded PLP data.

G. The receiver of section E, wherein the Layer 1
signaling data has Program Specific Information
(PSI) and Service Information(SI) reprocessing in-
formation for each Physical Layer Pipe (PLP), and
the PSI/Sl reprocessing information indicates wheth-
er or not a PSI/SI reprocessing has been performed.

H. The receiver of section G, wherein a size of a field
for the PSI/SI reprocessing information is one bit.

I. A method of transmitting broadcasting data to a
receiver, the method comprising:

BCH encoding Layer 1 signaling data;
LDPC-encoding the BCH-encoded Layer 1 sig-
naling data to generate at least one LDPC parity
bit;

performing puncturing on the generated LDPC
parity bit;

bit interleaving the LDPC-encoded Layer 1 sig-
naling data and the punctured LDPC parity bit;
and

demultiplexing the bit interleaved Layer 1 sign-
aling data into cell words and mapping the cell
words into constellation values by means of a
QAM mapping method,

wherein the Layer 1 signaling data have PLP
type information indicating the type of the asso-
ciated PLP, the PLP type information being one
of common PLP, grouped data PLP and normal
data PLP, the common PLP being a special PLP

10

15

20

25

30

35

40

45

50

55

32

containing data shared by multiple PLPs,

and wherein when the PLP type is one of the
common PLP and the grouped data PLP, the
Layer 1 signaling data further include a PLP
group ID identifying with which PLP group the
current PLP is associated.

J. The method of section I, further comprising:

BCH-encoding PLP data to generate an error
protected data;

LDPC-encoding the BCH encoded PLP data;
bit-interleaving the LDPC encoded PLP data;
demultiplexing the interleaved PLP data into cell
words;

mapping the cellwords into constellation values;
and

time-frequency interleaving the mapped con-
stellation values.

K. The method of section I, wherein the Layer 1 sig-
naling data has Program Specific Information(PSI)
and Service Information(SI) reprocessing informa-
tion for each Physical Layer Pipe (PLP), and the
PSI/SI reprocessing information indicates whether
or not a PSI/SI reprocessing has been performed.

L. The method of section K, wherein a size of a field
for the PSI/SI reprocessing information is one bit.

M. A method of receiving broadcasting data, the
method comprising:

demapping constellation values corresponding
to Layer 1 signaling data into cell words;
multiplexing the demapped cell words into the
Layer 1 signaling data;

bit-deinterleaving the multiplexed Layer 1 sign-
aling data and at least one LDPC parity bit;
performing de-puncturing on the LDPC parity
bit;

LDPC-decoding the Layer 1 signaling data and
the de-punctured LDPC parity bit; and
BCH-decoding the LDPC-decoded Layer 1 sig-
naling data and the de-punctured LDPC parity
bit,

wherein the Layer 1 signaling data include PLP
type information indicating the type of the asso-
ciated PLP, the PLP type information being one
of common PLP, grouped data PLP and normal
data PLP, the common PLP being a special PLP,
which contains data shared by multiple PLPs,
and wherein when the PLP type is one of the
common PLP and the grouped data PLP, the
Layer 1 signaling data further include a PLP
group ID identifying with which PLP group the
current PLP is associated.
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N. The method of section M, further comprising:

time-frequency deinterleaving constellation val-
ues corresponding to PLP data;

demapping the deinterleaved constellation val-
ues into cell words;

multiplexing the demapped cell words into the
PLP data;

bit-deinterleaving the multiplexed PLP data;
LDPC-decoding the bit-deinterleaved PLP data;
and

BCH-decoding the LDPC-decoded PLP data.

O. The method of section M, wherein the Layer 1
signaling data has Program Specific Information
(PSI) and Service Information(Sl) reprocessing in-
formation for each Physical Layer Pipe (PLP), and
the PSI/S| reprocessing information indicates wheth-
er or not a PSI/SI reprocessing has been performed.

Claims

A transmitter for transmitting broadcasting data, the
transmitter comprising:

a first BCH encoder (301-1) configured to BCH
encode Layer 1 signaling data;

afirst LDPC encoder (302c) configured to LDPC
encode the BCH-encoded Layer 1 signaling da-
ta to generate at least one LDPC parity bit;

a puncturing means (304c) configured to per-
form puncturing on the generated LDPC parity
bit;

a first bit interleaver (304-1) configured to bit in-
terleave the LDPC-encoded Layer 1 signaling
data;

a first demultiplexer (305-1) configured to de-
multiplex the bit interleaved Layer 1 signaling
data into cell words

a first QAM mapper (306-1) configured to map
the cell words of the Layer 1 signaling data into
constellation values;

time interleaver (1908-L1) configured to time-
interleave the constellation values to generate
at least one L1, Time Interleaved, TI, block; and
aframe builder (103) configured to build a signal
frame including preamble symbols, wherein the
preamble symbols include the at least one L1
TI, block and L1 header and the signal frame
carries one or more PLPs;

characterized in that wherein the transmitter
is configured to process the Layer 1 signaling
data, the Layer 1 signaling data having PLP type
information indicating a type of associated PLP,
and the type of associated PLP indicating one
of common PLP, grouped data PLP and normal
data PLP, the common PLP being a special PLP
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which contains data shared by multiple PLPs,
wherein when the type of associated PLP is one
of the common PLP or the grouped data PLP,
the Layer 1 signaling data further includes a PLP
group ID that identifies with which PLP group
the current PLP is associated, and

wherein content of the L1 Tl block with the L1
header is repeated to fill a L1 block bandwidth
within the preamble symbol in the frequency do-
main.

The transmitter of claim 1, wherein the Layer 1 sig-
naling data has Program Specific Information, PSI,
and Service Information, Sl, reprocessing informa-
tion for each PLP, and the PSI/SI reprocessing in-
formation indicates whether or not a PSI/SI reproc-
essing has been performed.

The transmitter of claim 1, wherein a size of a field
for the PSI/SI reprocessing information is one bit.

A receiver for processing broadcasting data, the re-
ceiver comprising:

means (r700) for receiving a signal frame includ-
ing preamble symbols, wherein the preamble
symbols include at least one L1, Time Inter-
leaved, TI, block and L1 header and the signal
frame carries one or more PLPs

a time deinterleaver (r1910-L1) configured to
time-deinterleave the at least one L1, Tl, block
of Layer 1 signaling data;

a QAM demapper (306-1) configured to demap
constellation values corresponding to the at
least one L1, TI, block into cell words;
amultiplexer (r305-1) configured to multiplex the
demapped cell words into the Layer 1 signaling
data;

a bit deinterleaver (r714-L1) configured to bit-
deinterleave the multiplexed Layer 1 signaling
data;

a de-puncturing means (r303a) configured to
perform de-puncturing at least one LDPC parity
bit;

a LDPC decoder (r304a) configured to LDPC-
decode the Layer 1 signaling data and the de-
punctured LDPC parity bit; and

a BCH decoder (r301-1) configured to BCH-de-
code the LDPC-decoded Layer 1 signaling data
and the de-punctured LDPC parity bit,
characterized in that wherein the receiver is
configured to process Layer 1 signaling data,
wherein the Layer 1 signaling data having PLP
type information indicating a type of associated
PLP, and the type of associated PLP indicating
one of common PLP, grouped data PLP and nor-
mal data PLP, the common PLP being a special
PLP which contains data shared by multiple
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PLPs,

wherein when the type of associated PLP is one
of the common PLP or the grouped data PLP,
the Layer 1 signaling data further includes a PLP
group ID that identifies with which PLP group
the current PLP is associated, and

wherein content of the L1 Tl block with the L1
header is repeated to fill a L1 block bandwidth
within the preamble symbol in the frequency do-
main.

Thereceiver of claim 4, wherein the Layer 1 signaling
data has Program Specific Information, PSI, and
Service Information, S, reprocessing information for
each PLP, and the PSI/SI reprocessing information
indicates whether or not a PSI/SI reprocessing has
been performed.

The receiver of claim 5, wherein a size of a field for
the PSI/SI reprocessing information is one bit.

A method of transmitting broadcasting data, the
method comprising:

BCH encoding Layer 1 signaling data;
LDPC-encoding the BCH-encoded Layer 1 sig-
naling data to generate at least one LDPC parity
bit;

performing puncturing on the generated LDPC
parity bit;

bit interleaving the LDPC-encoded Layer 1 sig-
naling data;

demultiplexing the bit interleaved Layer 1 sign-
aling data into cell words;

mapping the cell words into constellation values
by means of a QAM mapping method;
time-interleaving the constellation values to
generate at least one L1, Time Interleaved, TI,
block; and

building a signal frame including preamble sym-
bols, wherein the preamble symbols include at
least one L1, Time Interleaved Tl block and L1
header and the signal frame carries one or more
PLPs,

characterized in that wherein the Layer 1 sig-
naling data having PLP type information indicat-
ing a type of associated PLP, and the type of
associated PLP indicating one of common PLP,
grouped data PLP and normal data PLP, the
common PLP being a special PLP which con-
tains data shared by multiple PLPs,

wherein when the type of associated PLP is one
of the common PLP or the grouped data PLP,
the Layer 1 signaling data further includes a PLP
group ID that identifies with which PLP group
the current PLP is associated, and

wherein content of the L1 TI block with the L1
header is repeated to fill a L1 block bandwidth
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within the preamble symbol in the frequency do-
main.

The method of claim 7, wherein the Layer 1 signaling
data has Program Specific Information, PSI, and
Service Information, S, reprocessing information for
each PLP, and the PSI/SI reprocessing information
indicates whether or not a PSI/SI reprocessing has
been performed.

The method of claim 8, wherein a size of a field for
the PSI/SI reprocessing information is one bit.

A method of receiving broadcasting data, the method
comprising:

receiving a signal frame including preamble
symbols, wherein the preamble symbols include
at least one L1 Time Interleaved block and L1
header and the signal frame carries one or more
Physical Layer Pipes, PLPs;
time-deinterleaving the atleast one L1, Tl, block
of Layer 1 signaling data;

demapping constellation values corresponding
to the at least one L1, Tl, block into cell words;
multiplexing the demapped cell words into the
Layer 1 signaling data;

bit-deinterleaving the multiplexed Layer 1 sign-
aling data;

performing de-puncturing at least one LDPC
parity bit;

LDPC-decoding the Layer 1 signaling data and
the de-punctured LDPC parity bit; and
BCH-decoding the LDPC-decoded Layer 1 sig-
naling data and the de-punctured LDPC parity
bit,

characterized in that wherein the Layer 1 sig-
naling data having PLP type information indicat-
ing a type of associated PLP, and the type of
associated PLP indicating one of common PLP,
grouped data PLP and normal data PLP, the
common PLP being a special PLP which con-
tains data shared by multiple PLPs,

wherein when the type of associated PLP is one
of the common PLP or the grouped data PLP,
the Layer 1 signaling data further includes a PLP
group ID that identifies with which PLP group
the current PLP is associated, and

wherein content of the L1 Tl block with the L1
header is repeated to fill a L1 block bandwidth
within the preamble symbol in the frequency do-
main.

The method of claim 10, wherein the Layer 1 sign-
aling data has Program Specific Information, PSI,
and Service Information, Sl, reprocessing informa-
tion for each PLP, and the PSI/SI reprocessing in-
formation indicates whether or not a PSI/SI reproc-
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essing has been performed.

12. The method of claim 11, wherein a size of a field for
the PSI/SI reprocessing information is one bit.
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Fig. 3
TS/GS (2 bits) | SIS/MIS {1 bit) | CCM/ACM (1 bit) | ISSYI (1 bit) NPD (1bit) EXT (20its)
00 = GFPS 1 =single 1=CCM 1 = active 1= active Reserved for future
11=T8 0 = multiple 0= ACM 0 = not-active [0 = not-active use
01 =GCS
10 = GSE
Field Size {Bytes) Description
MATYPE 9 As described above
upL ) User Packet Length in bits, in the range [0,65535]
DFL 5 Data Field Length in bits, in the renge [ 0,53760]
SYNC 1 A copy of the User Packst Sync-byte
SYNCD 9 The distance in bits from the beginning of the DATA FIELD to the first complete UP of
the data field. SYNCD=0, means that the first UP is aligned to the beginning of the
Data Field. SYNCD = 65535D means that no UP starts in the DATA FIELD.
CRC-8 MODE 1 The XOR of the CRC-8 (1-byte) feld with the MODE field {1-byte). CRC-8 is the error
detection code applied to the first 9 bytes of the BBHEADER.
MODE (8 bits) shall be:
e (, Normal Mode
e 1, High Efficiency Mode
e  (thervalues : reserved for future use.
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Case 1 Case 2
Capacity (bit/s/ Modulation]Modulation
1/2 NU-MQAM| NU-QAM
2/3 NU-MQAM| NU-QAM
3/4 5 NU-MQAM | NU-MQAM
6 4/5 MQAM MQAM
5/6 MQAM MQAM
8/9 MQAM MQAM
9/10 5 MQAM MOQAM
1/2 NU-MQAM| NU-QAM
2/3 3 NU-MQAM | NU-QAM
3/4 NU-MQAM | NU-MQAM
8 4/5 NU-MQAM | NU-MQAM
5/6 MQAM MQAM
8/9 MQAM MQAM
9/10 MQAM MQAM
1/2 NU-MQAM|] NU-QAM
2/3 NU-MQAM|] NU-QAM
3/4 NU-MQAM | NU-MQAM
10 4/5 8 NU-MQAM | NU-MQAM
5/6 3 NU-MQAM | NU-MQAM
8/9 MQAM MQAM
9/10 | 9.0 | MQOAM MQAM
1/2 ; NU-MQAM| NU-QAM
2/3 NU-MQAM| NU-QAM
3/4 NU-MQAM | NU-MQAM
12 4/5 G NU-MQAM | NU-MQAM
5/6 NU-MQAM | NU-MQAM
8/9 0. MQAM MQAM
9/10 0. MQAM MQAM
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Fig. 7
Case 1 Case 2 Case 2
Capacity (bit/s/Hz Modulation] Modulation] Modulation

1/2 QAM QAM QAM

2/3 QAM QAM QAM

3/4 5 QAM QAM QAM

2 4/5 QAM QAM QAM
5/6 QAM QAM QAM

8/9 QAM QAM QAM

9/10 QAM QAM QAM

1/2 QAM QAM QAM

2/3 QAM QAM QAM

3/4 5 QAM QAM QAM

4 4/5 QAM QAM QAM
5/6 QAM QAM QAM

8/9 - QAM QAM QAM

9/10 5.4 QAM QAM QAM

1/2 QAM QAM QAM

2/3 QAM QAM QAM

3/4 QAM QAM QAM

6 4/5 QAM QAM QAM
5/6 QAM QAM QAM

8/9 QAM QAM QAM

9/10 | | oam QAM QAM

1/2 ) QAM QAM QAM

2/3 QAM QAM QAM

3/4 QAM QAM QAM

8 4/5 QAM QAM QAM
5/6 6.7 QAM QAM QAM

8/9 7 QAM QAM QAM

9/10 QAM QAM QAM

1/2 NU-MQAM| NU-QAM | MQAM

2/3 6 NU-MQAM| NU-QAM | MQAM

3/4 NU-MQAM | NU-MQAM MQAM

10 4/5 NU-MQAM | NU-MQAM| MQAM
5/6 NU-MQAM | NU-MQAM|  MOAM

8/9 MQAM MQAM MQAM

9/10 MQAM MQAM MQAM

1/2 NU-MQAM| NU-QAM | MQAM

2/3 NU-MQAM| NU-QAM | MQAM

3/4 NU-MQAM | NU-MQAM| MQAM

12 4/5 ) NU-MQAM | NU-MQAM| MQAM
5/6 0 NU-MQAM | NU-MQAM| MQAM

8/9 MQAM MQAM MQAM

9/10 0.8 MQAM MQAM MQAM
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Fig. 8
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Fig. 15
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Fig. 21
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Fig. 23

Full spectrum is used for
L1 decoding
(26.8% increased BW from 6 MHz)
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Fig. 25
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L1 decoding
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Fig. 28
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Fig. 32
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Fig. 34
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Fig. 35
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Fig. 37

Field Bits

number of carriers spanned by L1 block within

L1_span 12| one OFDM symbol (Mex=7.61 MHz)
num_chbon 3 | number of bonded channels
num_dslice 8 | number of data slices
num_plp 8 |number of PLPs
num_notch 5 [ number of notch bands
for dslice {
chbon_index 3 [bonded channel index
dslice_start 9 | start of data slice within one channel {8 MHz)
dslice_width 9 [width of data slice
!
for plp {
dslice_id 8 [dala sliced ID
plp_id 8 |PLPID
plo_type 1 [PLP type (common/data)
plo_payload_type]l 5 |PLP payload tyoe (TS.GS,
}
for notch {
chbon_index 3 | bonded channel index
notch_start 9 [start of notch band within one channel (8 MHz)
notch_width 9 | width of notch band
}
gi 1 | guard interval mode
sframe_id 16 [superframe ID
frame_id 16 | fraem ID
reserved 0 [rfu
cred2 32 [CRC32

Total [|11760

The number of L1 information bits varies
according to various configurations/conditions
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N\

Maximum size

Fig. 38

L1 info (bits) 11760
L1 block (bits) 23520
16 - QAM symbols 5880
Total carriers 3408
Preamble SP distance 6
Data carriers 2840
Short LDPC 1.45
OFDM symbols 2.07
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Fig. 39
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Fig. 40
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Fig. 41
Field Bits
L1_column 9 | number of carriers spanned by L1 block within one OFDM symbol (Max=7.61 MHz)
L1_row 3 [ number of OFDM symbols spanned by L1 block
num_chbon 3 [ number of bonded channels
num_plp 8 [number of data slices
num_dslice 8 [number of PLPs
num_notch 5 | number of notch bands
for dslice {
chbon_index 3 | bonded channel index
dslice_start 9 |start of data slice within one channel (8 MHz)
dslice_width 9 |width of data slice
}
for plp {
dslice_id 8 |datasliced ID
plp_id 8 |PLPID
plo_type 1 | PLP type (common/data)
plp_payload_type| 5 |[PLP payload type (TS, GS, ...)
}
for notch {
chbon_index 3 | bonded channel index
notch_start 9 |[start of notch band within one channel (8 MHz)
notch_width 9 [width of notch band
}
ai 1 | guard interval mode
sframe_io 16 | superframe ID
frame_id 16 | fraem 1D
reserved 16 | rfu
cred2 32 | CRCS2
Total 1776
X

The number of L1 information bits varies

according to various configurations/conditions
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Fig. 42
| | | | | |
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LDPC Modulation QAM ModCod
Block Size| (bps/Hz) | Symbols | Overhead
64800 4 16200 0.28%
6 10800 0.42%
8 8100 0.56%
10 6480 0.69%
12 5400 0.83%
16200 4 4050 1.11%
6 2700 1.67%
8 2025 2.22%
10 1620 2.78%
12 1350 3.33%
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Fig. 47

Field Bits
L1_size 4] L1 block size (bits)
num_chbon 3 | rumber of bonded channels
L1 block size is transmitted  [num_dslice 8 [ rumoer of data slices
on first LDPC block num_plp 8 | number of PLPs
(fixed shortest length=192 bits)lnum_notch 5 [ number of notch bands

for dslice {
chbon_index
L ‘ dslice_start
Time interleaving on/off dslice.width

t|O support sdhort e~ __|dslice_time_intrlv

atency mode :
/dsme_type
}
Data slice type for ~ |for olp
L1 signaling dslice_id
overhead reduction  |plp_id
olp_type

plp_payload_type

Mod/Cod fields are olp_mod
transmitted on preamble plp_fec_type
for CCM type only L})Ip_cod

}
for notch {
chbon_index

notch_start
notch_width

if dslice_type=CCM {

©

bonded channel index

start of data slice within one channel (8 MHz)

width of data slice

time interleaving on/off

data slice type (CCM, ACM/VCM)

data sliced ID

PLP ID

PLP type (common/data)

PLP payload F®8S )

PLP modulation type

1 [ PLP FEC type (long/short)

PLP coderate

bonded channel index

start of noich band within one channel (8 MHz)

width of notch band
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}
gi 11 guard interval mode
sframe_id 16| supsrframe ID
frame_id 16] fraem 1D
reserved 16 rfu
cred2 32| CRC32

Total 14082
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Fig. 48
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Fig. 50
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Fig. 55
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Fig. 57
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Fig. 62
Field Bits
L1_size 14| L1 block size (bits)
num_chbon 3| number of bonded channels
num_dslice 8| number of data slices
num_plp 8| number of PLPs
num_noltch 5 [ number of notch bands
for dslice {
chbon_index 3| bonded channel index
dslice_start 9| start of data slice within one channel (8 MHz)
dslice_width 9| width of data slice
dslice_time_intrlv 1 | time interleaving on/off
dslice_type 1| data slice type (CCM, ACM/VCM)
}
for plp {
dslice_id 8| data sliced ID
plp_id 8| PLP ID
plp_type 1 [ PLP type (common/data)
plp_payload_type 5| PLP payload type (TS, GS , )
if dslice_type=CCM {
plo_maod 3| PLP_modulation type
plp_fec_type 1| PLP FEC type (long/short)
plpo_cod 3| PLP coderate
plp_start 21| PLP start address
}
}
for notch {
chbon_index 3| bonded channsal index
notch_start 9| start of notch band within one channel (8 MHz)
notch_width 9| width of notch band
}
gi 1 [ guard interval mode
sframe_id 16 [ superframe ID
frame_id 16| fraem ID
reserved 16[rfu
crc32 32| CRC32
Total 19458

The number of L1 information bits varies
according to various configurations/conditions
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Fig. 63
Field Bits
L1_size 14| L1 block size (bits)
num_chbon 3| number of bonded channels
num_dslice 8| number of data slices
num_plp 8| number of PLPs
num_notch 5| number of notch bands
for dslice {
chbon_index 3| bonded channel index
dslice_start 9| start of data slice within one channel (8 MHz)
dslice_width 9| width of data slice
dslice_time_intrlv 1 | time interleaving on/off
dslice_type 1 [ data slice type (CCM, ACM/VCM)
}
for plp {
dslice_id 8| data sliced ID
plo_id 8| PLP ID
plp_type 1 | PLP type (common/data)
plp_payload_type 5| PLP payload type (TS, GS , --)
if dslice_type=CCM {
plp_mod 3| PLP modulation type
plp_fec_type 1| PLP FEC type (long/short)
plp_cod 3| PLP__coderate
plp_start 14[ PLP start address
}
}
for notch {
chbon_index 3| bonded channel index
notch_start 9| start of notch band within one channel (8 MHz)
notch_width 9| width of notch band
}
gi 1 [ guard interval mode
sframe_id 16 [ supsrframe ID
frame_id 16| fraem 1D
reserved 16{rfu
crc32 32| CRC32
Total 17666

/

The number of L1 information bits varies
according to various configurations/conditions
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Fig. 64
LDPC length QAM type QAM symbols
64800 16 QAM 16200
64800 64 QAM 10800
64800 256 QAM 8100
64800 1024 QAM 6480
64800 4096 QAM 5400
16200 16 QAM 4050
16200 64 QAM 2700
16200 256 QAM 2025
16200 1024 QAM 1620
16200 4096 QAM 1350
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Fig. 65
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Fig. 67
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Fig. 86
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Fig. 88
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Fig. 95
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L1_size_bits per | L1 (13), Tl (2), -
4 symbol CrC (1) Max 4 bits Good Good NO
. LT (1), TI (2),
5 | L1_size_cells per CRC (2), Max 19 Best Good No
symbol bits
Rfu(1)
L1 (15), TI (2), 0.01%
6| headers (32| ™ CRC (4), No Best Good | (negligi
s Rfu(11) ble)
(b)
Padding method
L1 block Pa- | g a2
dding
\ J
Y
L1_info_size
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Fig. 98
Field Bits Description
num_chbon 3| number of bonded channels
num_dslice 8| number of data slices
num_notch A[number of notch bands
for i=0..num_dslice-1 {
dslice_id 8| data slice identifier
dslice_start 12| start of data slice within C2 channel (Max 64MHz)
dslice_width 9[width of data slice (Max 7.61MHz)
dslice_ti_depth 2|time interleaver depth
dslice_type 1|data slice type {typel. type2)*
dslice_pwr_allocation 2| data slice power allocation
num_plp 8lnumber of PLPs
for i=0..num_plp-1 {
plp_id 8| PLP identifier
plp_type 1[PLP_type (common/data)
PSI/SI reprocessing 1[PSP/SI reprocessing tlag
plp_payload_type 5[PLP payload type (TS, GS, -+
if dslice_type=="'0'{
plp_modcod 5[PLP modulation/coding
rflp_start_addr 14| PLP start address

}
I

for i=0..num_notch—14

notch_start 12| start of notch band within C2 channel (Max 64MHz)
r}mtch_width 9| width of notch band (Max 7.61MHz2)
o] 2| guard interval mode
num_data_symboals 10| number of data OFDM symbols per C2-frame
num_c2_frames g[number of C?2-frames per superframe
frame_idx 8| C2-frame index within one superframe
PAPR 11 PAPR flag
reserved Olreserved for future use
cre32 321 CRC32
xtype1 : Single PLP with CCM
*type? . Others
Fig. 99
dslice_ti_depth| Tl depth
IIOOII 1
|Io1 1 4
II1 OII 8
11" 16
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Fig. 100

dslice_type type

‘0" Single PLP with CCM
1" Others

Fig. 101

plp_type type
"0 common plp
" data plp

Fig. 102

plp_payload_type payload type
"00000" GFPS
"00001" GCS
"00010" GSE
"00011" TS
others reserved future use
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Fig. 103
plp_modcod Modulation code rate LDPC block

"00000" 4/5 long
"00001" 16QAM short
"'00010" 9/10 long
"00011" 8/9 short
"00100" long
"00101" 2/3 short
"00110" long
"01000" 9/10 long
"01001" 8/9 short
"01010" long
01011 3/4 short
"01100" long
"01110" 9/10 long
"01111" 8/9 short
"10000" long
0001 3/4 short
"10010" long
011" 1024QAM 5/6 Shoit
"10100" 9/10 long
"10101" 8/9 short
"10110" long
[} [} 5/6

10111 short
"11001" 8/9 short
others reserved fuuture uselreserved fuuture uselreserved fuuture use

Fig. 104
gi value
00" 1/128
"01" 1/64
others reserved future use

Fig. 105
PAFPR value
"0" disable
" enable
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Fig. 106
Field Bits Description

network_id 16 1D of the current DVB-C? network
c2_system_id 16 1D of the C2 system within the DVB-C?2 network
C2_signal_start_frequency 32 |C2 signal start frequency
C2_signal_stop_frequency 32 |C2 signal stop frequency
num_chbon 3 [number of bonded channels
num_dslice 8 [number of data slices
num_notch 4 Inumber of notch bands
for i=0..num_dslice-1 {
dslice_id 8 [data slice identifier
dslice_start 12 [start of data slice within C2 channel (max 64MHz)
dslice_width 9 |width of data slice (Max 7.61MHz)
dslice_ti_depth 2 |time interleaver depth
dslice_type 1 |data slice type (typel, type?)=
dslice_pwr_allocation 2 |data slice power allocation
reserved_1 0 [reserved for future use
num_plp 8 [number of PLPs

for i=0..num_plp-1 {

plp_id 8 |PLP identifier

plp_type 2 |PLP type {common/normal data/grouped data)

if plo_type=="common' or 'grouped' {
plp_group_id

pl%_payload_type
PSI/SI reprocessing
reserved_2
if dslice_type=="0" {
plp_modcod
plp_start_addr
}
b
1
for i=0..num_notch-1 {
notch_start
notch_width
}‘
gi
num_data_symbols
num_c2_frames
frame_idx
PAPR
reserved_3
cred2

—_

w Mo

NS — 00O Do

PLP group identitier

PLP payload type (TS, GS, )

PSP/SI reprocessing flag

reserved for future use

PLP modulation/coding

PLP start address

start of notch band within C2 channel (max 64MHz)

width of notch band (Max 7.61MHz)

guard interval mode

number of data OFDM symbols per C2-frame

number of C2-frames per superframe

C2-frame index within one superframe

PAPR flag

reserved for future use

CRC32

*typel © Single PLP with CCM
*type?2 : Others
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Fig. 107
plp_type type
"00" common plp
"01" normal data plp
"10" grouped data plp
others reserved future use

Fig. 108
Field Bits Description

network_id 16 [ID of the current DVB-C2 network
c?_system_id 16 [ID of the C? system within the DVYB-C? network
C2_signal_start_frequency 32 | C2 signal start frequency
num_chbon 3| number of bonded channels
num_dslice 8 | number of data slices
num_notch 41 number of notch bands
for i=0..num_dslice-1 {
dslice_id 8| data slice identifier
dslice_start 12 | start of data slice within C2 channel {max 64MHz)
dslice_width 12 | width of data slice (Max__64MHz)
dslice_t _depth 2 |time interleaver depth
dslice_type 1 [data slice type (typel, tyoe2)*
num_plp 8 number of PLPs
reserved_1 0 | reserved for future use

for i=0..num_plp—1 {

plp_id 8|PLP identifier

plo_type 2| PLP type (common/ normal data /grouped data )

if plp_type=="common' or 'grouped' {
L}le_group_id 8| PLP group identifier

PSI/SI repracessing 1[PSP/SI reprocessing flag
plo_payload_typc 5 |PLP payload typc (TS, GS, )
reserved_2 0|reserved for future use
if dslice_type=='0" {
plp_modcod 51 PLP modulation/coding
?Ip_start_addr 14 |PLP start address
}
}
for i=0..num_notch—1 {
notch_start 12 | starl of notch band within €2 channel {max 64MHz)
r;otch_width 9| width of notch band {(Max 7.61MHz)
a 2 | guard interval mode
PAPR 1| PAPR flag
reserved_3 0reserved for future use
cred2 32 [CRC32

Total 221

*typel : Single PLP with CCM
xtype? ©  Others
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Fig. 109
L1 block Pa- | cnoap
dding
\ J
e
L1_info_size*?2
Value Tl depth
00 No Tl s
- When TI_flag(1 bit) is used
01 Best Fit
10 4 OFDM symbols | Tl for short L1 block
11 8 OFDM symbols For better Tl performance
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Field Bits Description
NETWORK_ID 16| 1D of the current DVB-C2 network
C2_SYSTEM_ID 16]1D of the C2 system within the DVB-C2 network
C?_SIGNAL_START_FREQUENCY| 32| C? signal start frequency(unit = 1Hz)
NUM_CHBON 3| Number of bonded channels
NUM_DSLICE 8[Number of data slices
NUM_NOTCH 4] Number of rotch bands
for i=0.NUM_DSLICE1 {
DSLICE_ID 8| Data slice identifier
DSLICE_START {o| Start of data slice within C2 channel (max 64MHz)
(unit = 12 OFDM cells)
OSLICE_WIDTH 12 | Width of data slice (Max 64MHz) (unit = 12 OFDM cells)
DSLICE_TI_DEPTH 2| Time interleaver depth
OSLICE_TYPE 1| Data slice type (Single PLP with CCM, others)
OSLICE_NUM_PLP 8 Number of PLPdn current data slice
for i=0.DSLICE_NUM_PLP-1 {
PLP_ID 8| PLP identifier
PLP_TYPE 2| PLP type {common/normal data/grouped data)
PLP_PAYLOAD_TYPE 5| PLP payloac type (GFPS, GCS, GSE, TS, RFU)
ifPLP_TYPE==00" or '01" {
PLP_GROUP_ID 8| PLP group identifier
h
ifDSLICE_TYPE='0" {
PLP_START 14| PLP start address(unit = 1 OFDM cell)
PLP_MODCOD 5| PLP modulation/coding
}
PSI/SI_REPROCESSING 1] PSP/SI reprocessing flag
RESERVED_1 8| Reserved for future use
}
RESERVED_? 8| Reserved far future use
b
for i=0.NUM_NOTCH-1 {
NOTCH_START 12| Start of notch band within C2 channel (max 64MHz)

{unit = 12 OFCM cells)

NOTCH_WIDTH 9| Width of notch band (Max 7.61MHz)(unit = 12 OFDM cells)
RESERVED_3 8| Reserved for future use
h
al 2| Guard interval mode
PAPR 11 PAPR flag
Number of C2 frames ahead which the L1_part?

L1_PART2 CHANGE COUNTER | 8 will change except for PLP_START (unit = 1 C2 frame)
RESERVED_4 16 | Reserved for future use
CRC32 32| CRC32

Total 269
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Fig. 111
DSLICE_TI_DEPTH PLP_MODCOD
Value Tl depth Value Modulation|Code rate| FEC type
00 1 OFDM symbol 00000 4/5 64K LOPC
01 4 OFDM symbols 00001 160AM 16K LDPC
10 8 OFDM symbols 00010 9/10 |64K LDPC
11 16 OFDM symbols 00011 8/9 16K LDPC
00100 2/3 64K LDPC
PAPR 00101 16K LDPC
Value PAPR 00110 64K LOPC
0 disable 00111 64QAM 4/5 16K LDPC
] enable 01000 9/10 | 64K LDPC
01001 8/9 16K LOPC
DSLICE_TYPE 01010 3/4 64K LDPC
Value Data slice typs 01011 16K LDPC
0 Single PLP with CCM 01100 64K LOPC
1 Others 07101 2560AM | 56 prTppp
01110 9/10 [64K LDPC
Gl 01111 8/9 16K LOPC
Value Guard Interval fraction 10000 3/4 64K LDPC
00 1//1 28 10001 16K LDPC
01 1/64 10010 64K LDPC
101011 [Meserved for fulre Use] | 10011 | C24QAM | 56 Hecope
10100 9/10 | 64K LDPC
PLP_TYPE 10101 8/9 16K LDPC
Value PLP Type 10110 5/6 64K LDPC
00 Common PLP 10111 40960AM 16K LOPC
01 grouped data plp 11000 ' 9/10 [64K LDPC
10 normal data plp 11001 8/9 16K LDPC
11 Reserved for future use| [11010to 11111 Reserved for future use
PLP_PAYLCAD_TYPE
Value Pavload type
00000 GFPS
00001 GCS
00010 GSE
00011 TS
00100 to 11111|Reserved for future use
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Fig. 112

Field Bits Description
NETWORK_ID 16{1D of the current DVB-C2 network
2_SYSTEM_ID 16|1D of the C2 system within the DVB-C2 network
(2_SIGNAL_START_FREQUENCY]  32|C2 signal start frequency (unit = 1Hz)
g ‘ ﬁuarkc)j im?r\&‘ mede head which the LT_part?

umber o rames ahead which the ar

L1_PARTZ_CHANGE_COUNTER 8 will change except for PLP_START (unit 5? C2 frame)
NUM_CHBON 3|Number of bonded channels
NUM_DSLICE 8|Number of data slices
NUM_NOTCH 4{Number of notch bands
for i=ONUM_DSLIGE {
CSLICE_ID 8|Data slice identifier

OSLICE_START
DSLICE_WICTH

CSLICE_TI_DEPTH
CSLICE_TYPE
DSLICE_CONST_FLAG
DSLICE_NOTCH_FLAG
OSLICE_NUM_PLP
for i=DSLICE_NUM_PEP{
PLP_ID
PLP_TYPE
PLP_PAYLOAD_TYPE
iPLP_TYPE=00' or 01' {
PLP_GROUP_ID

I

iDSLICE_TYRE 0" {
PLP_START
P}LP,MODCOD

PSI/SI_REPROCESSING
RESERVED_T

}
RESERVED_2

}
for i=0..NUM_NOTCH-1 {
NOTCH_START

12(11
12(11)

—

1w oo OO — — N

[@e]

Start of data slice within C2 channel (max 64MHz)
(unit = 12 or 24 OFDM cells for 1/64, 1/128 Gl respectively)

Width of data slice (Max 64MHz)
unit = 12 or 24 OFDM cells for 1/64, 1/128 Gl respectively)

Time interleaver depth

Data slice type (Single PLP with CCM, others)

Indicator for Constant data slice

Indicator for neighbored notch

Number of PLPsin current data slice

PLPidentifier

PLP type (common/grouped data/normal data/bundled data)

PLP payload type GFPS, GCS, GSE, TS, RFU)

PLP group identifier

PLP start address {unit = 1 OFDM cell)

PLP modulation/coding

PSP/SI reprocessing flag

Reserved for future use

Reserved for future use

Start of notch band within C2 channel (max 64MHz)
(unit = 12 or 24 OFDM cells for 1/64, 1/128 Gl respectively)

Width of notch band (Max 7.61MHz)

NOTCH_WIDTH 9(6) (unit =12 or 24 OFDM cells for 1/64, 1/128 Gl respectively)
RESERVED_3 8| Reserved for future use
i
PAPR 1{PAPR flag
RESERVED_4 16|Reserved for future use
(RG32 32|CRC32

Total 228
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Fig. 113
Value PLP Type
000 Common PLP
001 grouped data PLP
010 normal data PLP
01 bundled data PLP
100 to 111 Reserved for future use
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/ - .
/ L2 signaling

(NIT) network

TS2 and TS3 are
mapped to

\
\
\
| i Bundeled PLPs:
TSI is mapped to '
‘ TS1 we TS2 753 _
| normal PLPs @ decodable with
} decodable with m.ultiple or
| A single tuner wideband
tuner(>8MHz)
8MH d
} c2ded ( It 2|> . c2dsd c2dsd / only
multiple or
} wideband
| PLP37 / tuner{>8MHz) PLP39 <\\ PLP44 N
‘ i
‘ |‘ ‘\
| Trans — ! ! :Il . H
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Fig. 115

( Receive & decode L1 )

[ Decode PLP loop

[ Goto Next PLP loop |

YES

Store PLP/data slice
information for the loop
(including bundle
information)

next loop™~YES

exist?
NO

1
(L1 decoding end ) <Receive & decode I_2>

| (NIT)

f

| Decode TS loop

| Goto Next TS loop |
NO

Store PLP/TS mapping
information for the loop

next loop
exist?

NO
| L1 decoding end |
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Fig. 116

( Receive & decode L1 )

|  Decode PLP loop  f=———
Store PLP/data slice
information for the loop
(including bundle
information)

[Goto Next PLP loop |
[

( L1decodingend )

Receive & decode L2
(NIT)

'

| Decode TS loop

| Goto Next TS loop |

Store PLP/TS mapping
information for the loop

(L1 decodingend )
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Syntax Number of bits| Identifier
C2_delivery_system_descriptor() {
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
descriptor_tag_extension 8 uimsbf
plp_id 8 uimsbf
C2_system_id 16 uimsbf
if ( descriptor_length > 5){
C2_System_tuning_frequency 32 bslbf
active OFDM symbol duration 3 bslbf
guard_interval 3 bslbf
reserved 2 bslbf
}
)
Fig. 118
Active_OFDM_symbol_duration Description
000 448us(4k FFT mode for 8MHz bandwidth CATV systems)
001 597us(4k FFT mode for 8MHz bandwidth CATV systems))
010 to0 111 reserved for future use
Fig. 119
guard_interval Guard interval values
000 1/128
001 1/64
010 to 111 reserved for future use
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Fig. 120
Fisld Bils Description
NETWORK_ID 16[ID of the current DYB-C2 network
C2_SYSTEM_ID 16|10 of the C2 system within the DVB-C2 netwark
C2_SIGNAL_START_FREQUENCY 32[C2 signal start frequency  [unit = 1Hz)
Gl 2|Guard interval mode
Number of C2 frames ahead which the L1_part?
L1_PART2_CHANGE_COUNTER 8| will change except for PLP_START {unit = 1 G2 frame)
NUM_CHBON 3{Number of bonded channels
NUM_DSLICE 8{Number of dala slices
NUM_NCTCH 4{Number of notch bands
for i=ONUM_OSLICE {
DSLICE_ID 8|Data slice identifier
Tuning position for current data slice
DSLICE_TUNE_POS 12011 {unit = 12 or 24 OFDM cells for 1/64, 1/128 Gl respectively)
DSLICE_QFFSET_LEFT 9(8)|Offset for data slice left edge from tuning position
{unit = 12 or 24 OFDM cells for 1/64, 1/128 Gl respectively), Signed
DSLICE_OFFSET_RIGHT 9(8)|Oftfset for from tuning position

OSLICE_TI_DEPTH
OSLICE_TYPE
DSLICE_CONST_FLAG
DSLICE_NOTCH_FLAG
DSLICE_NUM_PLP
for i=0..DSLICE_NUM_PLP -1 {
PLP_ID
PLP_BUNDLED_FLAG
PLP_TYPE
PLP_PAYLOAD_TYPE
If PLP_TYPE=="00"0r ' 01'{
P}LP_GROUP_ID

if DSLICE_TYPE ==0'{
PLP_START
PLP_MODBCOD

f
PSI/SI_REPROCESSING
RESERVED_

}

RESERVED_2

}
for i=0..NUM_NOTCH-1 {

or data slice right edg
or

(unit = 12 or 24 OFDM cells for 1/64, 1/128 Gl respectively), Signed

Time interleaver depth

Data slice type { Single PLP with CCM, others )

Indicator for Constant data slice

Indicator for neighbored notch

Number of PLPs in current data slice

PLP identifier

Bundled PLP flag

PLP type (common/ grouped data/normal data )

PLP payload type [ GFPS, GCS, GSE, TS, RFU)

PLP group identifier

PLP start address  {unit = 1 OFOM cell)

PLP modulation/coding

PS/SI reprocessing flag

Reserved for future use

Reserved for future use

NOTCH_START 12(11)[Start of notch band within C2 channel (max 64MHz)
(Unit = 12 or 24 OFDM cells for 1/64, 1/128 Gl respectively)
NOTCH_WIDTH 9(8)|Width of notch band (Max 7.61MHz)
(unit = 12 or 24 OFDM cells for 1/64, 1/128 Gl respectively)
?ESERVED_S 8|Reserved for future use
PAPR 1|PAPR flag
RESERVED_4 16|Reserved for future use
CRC32 32|CRC32
Total 227
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121
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Fig. 122
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Fig. 128
PLP_MODCOD
Value Modulation [Code rate| FEC type
0000 4/5 64K LDPC
00010 16QAM 16K LDPC
0001 9/10 64K LDPC
00100 8/9 16K LDPC
0010 03 84K LDPC
00110 16K LDPC
001 84K LDPC
01 B4GAM 4/5 16K LDPC
01001 9/10 64K LDPC
01 8/9 16K LDPC
01 64K LDPC
01 3/4 16K LDPC
01 84K LDPC
2
01 SOLAM 5/6 16K LDPC
01111 9/10 84K LDPC
10000 8/9 16K LDPC
1000 3/4 64K LDPC
10010 16K LDPC
1001 10240AM 5/6 64K LDPC
10100 16K LDPC
1010 9/10 64K LDPC
10110 8/9 16K LDPC
o 56 [ok e
11 40960AM 9/10 64K LDPC
11010 8/9 16K LDPC

00000, 11011 to 11111

Reserved for future usg
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Fig. 129
Field Bits Oescription
NETWORK_ID 161D of the current DVB-C2 network
C2_SYSTEM_ID 161D of the C? system within the DVB-C2 network
START_FREQUENCY 32| C? signal start frequency within the current C2 system (unit = 1Hz)

GUARD_INTERVAL

L1_PART2_CHANGE_COUNTER
NUM_CH

NUM_DSLICE

NUM_NOTCH

for i=0.. NUM_DSLICE -1 {
DSLICE_ID

DSLICE_TUNE_POS
DSLICE_OFFSET_LEFT

DSUICE_OFFSET_RIGHT
DSLICE_TI_DEPTH
DSLICE_TYPE

if OSLICE_TYPE=="1"{
EEC_HEADER_TYPE

)
DSLICE_CONST_CONF
DSUICE_LEFT_NOTCH
DSLICE_NUM_PLP

for i=0.. DSLICE_NUM_PLP -1 {

PLP_ID
PLP_BUNDLED
PLP_TYPE
PLP_PAYLOAD_TYPE

if PLP_TYPE =='00"or '01"{

PLP_GROUP_ID

1

if DSLICE_TYPE =='0'{
PLP_START

PLP_MOD

PLP_COD
PLP_FEC_TYPE

}
PSI/SI_REPROCESSING
RESERVED_!

}

RESERVED_2

}
for i=0..NUM_NOTCH-1 {
NOTCH_START

NOTCH_WIOTH
?ESERVED_S

RESERVED_TONE
RESERVED_4
CRC32

(o] oIS — oo oo — —

— WO W P~

Guard interval mode

Number of C? frames ahead which the LT_parf?
will change except for PLP STAR (umt T C2 frame)

Number of bundled channels

Number of data slices

Number of notch bands

Data slice identifier

Tumngfosmon or current dafa 9] ce _
(unit =12 or 24 OFDM cells for /64, 1/128 Gl raspectively)

Offset for data slice Teft edge from tumng position
(unit = 12 or 24 OFDM cells for 1/64 1/128 Gl respechvely Signed)

(dﬁf?e-t% rda&a %E%Mggellesdfgor 1%4 HJ {2% p? respectlvely Signed)

Time interlsaver depth

Data slice type ( Single PLP with CCM, others )

FEC frame header type (QPSK/16QAM)

Indicator for constant configuration data slice

Indicator for neighbored notch

Number of PLPs in current data slice

PLP identifier

Bundled PLP flag

PLP type (common/ groupad data/normal data )

PLP payload type ( GFPS, GCS, GSE, TS, RFU)

PLP group identifier

PLP start address  (unit = 1 OFDM cell)

PLP modulation type

PLP code rate

PLP FEC type

PSI/SI reprocessing flag

Reserved for future use

Reserved for future use

Start of notch band within C2 channel {max 64MHz]
{unit = 12 or 24 OFDM cells for 1/84. 1/128 Gl respectively)

|d h of notch band [Max 7,61 H[f ,
=12 or 24 OFD cells for 1/64. 1/128 Gl respactively)

Reserved for future use

Reserved tone flag for PAPR reduction

Reserved for future use

CRC32
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Fig. 130
PLP_MOD

value Modulation
001 16 QAM
010 64-QAM
011 256-QAM
100 1024-QAM
101 4086-QAM

000, 110 to 111 Reserved for future use
PLP_COD

Value Code rate
001 2/3
010 3/4
011 4/5
100 5/6
101 9/10 or 8/9

000, 110 to 111 Reserved for future use
PLP_FEC_TYPE
Value PLP FEC type
0 16K LDPC
1 64K LDPC
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